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DISSERTATION ABSTRACT 
Background: Physical therapists regularly make decisions regarding intervention 
intensity based upon pathoanatomy and symptom irritability, but the reliability and 
validity of classifying patients by symptom irritability are unknown. 
Purpose: Examine the reliability and construct validity of the shoulder symptom 
irritability classification (SSIC) system for the purposes of determining an appropriate 
treatment intensity.   
Design: Prospective repeated-measures cross-sectional single-blinded design. 
Methods: 101 consecutive subjects with primary complaints of shoulder pain were 
assessed by a pair of blinded raters.  Raters recorded the SSIC level and selected the 
appropriate intervention intensities for the subjects. 
Data Analysis: Prevalence-adjusted, bias-adjusted Kappa for ordinal scales (PABAK-
OS) and observed agreement were the primary measures of reliability.  Analysis of 
variance (ANOVA) was used to compare functional disability across different levels of 
irritability.  Receiver operating characteristic (ROC) curve analysis was utilized to derive 
cut-off scores for the patient-reported outcome (PRO) measures.  Ordinal regression was 
utilized to compare the strength of patient-reported pain and disability in the 
determination of shoulder symptom irritability.   
Results: Inter-rater reliability (PABAK-OS) was 0.69 (95% Confidence Interval [CI] = 
0.59, 0.78).  ANOVA demonstrated significant differences in functional limitation 
between SSIC groups for all PRO measures.  ROC curve analysis found significant cut-
off scores for all PRO measures.  Lastly, rater agreement between SSIC and treatment 
strategy was found to have PABAK-OS of 0.82 (95% CI 0.75, 0.88) with 80% 
agreement. 
Discussion: The inter-rater reliability of the SSIC system good and is not contingent 
upon experience or expertise. Despite lack of predominance of the function in the 
components of SSIC, functional limitation significantly influences SSIC along with 
aspects of pain that influence function.  While the cut-off scores show promising results, 
further work is needed to validate the results.  Ultimately, there appears to an excellent 
relationship between rater selected SSIC and treatment strategy demonstrating a 
foundation for construct validity of the SSIC.  Therefore, the results of this study should 
serve as a foundation for future work for refinement of the SSIC as a component of the 
STAR-Shoulder diagnostic classification system.   
Clinical Significance: The shoulder symptom irritability classification scale is reliable 
and clinically useful for improvement of communication between medical providers.   
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CHAPTER 1: INTRODUCTION 
Introduction  
Shoulder disorders are a large medical and economic problem throughout the 
world that results in pain, functional limitations, and disability.1,2  Unfortunately, 
shoulder disorders are frequently recurrent, resulting in greater than 50% of patients 
continuing to have pain and limitations more than a year after onset.3,4   
Statement of the problem investigated and the goal achieved  
Clinical Decision-Making 
Clinicians make decisions regarding the intensity of interventions based upon 
diagnosis.  Traditionally, the diagnosis is based on pathoanatomy and thus is assumed to 
differentiate patients into homogenous groups to guide treatment and prognosis.2  While 
this pathoanatomic system of diagnosis may be adequate for surgical decision-making, 
due to the anatomic restoration achieved with surgical procedures, it may be inadequate 
for non-surgical decision making.2,5  Additionally, recent evidence has demonstrated a 
poor correlation between pathoanatomic diagnosis and the selected non-surgical 
interventions by orthopedic clinical specialists, in terms of their ability to effectively 
resolve patients’ functional limitations and disability.6   
Due to this lack of correlation between pathoanatomic diagnosis and selection of 
non-surgical interventions, the Staged Approach for Rehabilitation Classification: 
Shoulder Disorders (STAR-Shoulder) classification scheme has been proposed to 
enhance clinical decision-making.2  The STAR-Shoulder utilizes pathoanatomic 
diagnostic classification paired with identified physical impairments and symptom 
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irritability to more appropriately direct treatment decision-making for shoulder 
disorders.2   
Others have also suggested7-9 that symptom irritability should be assessed to 
appropriately dose the stress to the tissues of the body, as symptom irritability may be an 
indicator of the degree of inflammation.  Thus, in conjunction with pathoanatomic 
classification and type of impairments, symptom irritability would provide a more 
consistent framework from which a clinician could make clinical decisions.2  However, 
without a reliable classification system for determining shoulder symptom irritability, the 
clinical decision-making for determining the intensity of physical stress to tissue is much 
more challenging and inconsistent.   
Physical Stress Theory 
The Physical Stress Theory (PST)10 describes changes in the ability for tissues to 
adapt to changes in stress based upon movement and alignment factors, extrinsic factors, 
psychosocial factors, and physiological factors, including inflammation.  The PST 
suggests that biologic tissue will remodel according to stresses applied to them.10   
The PST also postulates that inflammation and injury lower the threshold for 
tissue adaptation, and consistent overload of the tissues elevates the threshold for tissue 
adaptation.10  Therefore, after biologic tissues are injured, simple premorbid activities 
may induce injurious stresses to the tissues.  Symptom irritability is a construct that 
reflects this ability, or inability, of tissues to handle physical stress.2,7,8  It is important 
that recently injured and inflamed tissues are protected from subsequent excessive stress 
until acute inflammation resolves.   
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There are currently no clinical markers for the level of inflammation available, 
and measurements such as erythrocyte sedimentation rate, C-reactive protein, and plasma 
viscosity testing are impractical in clinical situations.  In practical scenarios, the construct 
of symptom irritability is utilized by clinicians to determine the intensity of examination 
and intervention.11,12  Therefore, it is imperative that the construct of symptom irritability 
be developed to reliably measure the thresholds for appropriate tissue adaptations,10 as 
this can help to avoid further injury and increase the effectiveness of clinical intervention.   
Construct of Symptom Irritability 
Multiple experts in physical therapy have proposed criteria for symptom 
irritability from which to base clinical decisions for intensity.7-9,13,14  Maitland described 
the measurement of irritability via the relationship of (1) the vigor of activity required to 
provoke a patient's symptoms, (2) the severity of those symptoms, and (3) the time it 
takes for the symptoms to subside once aggravated (i.e., pain persistence).13,15 
The reliability of Maitland’s classification was recently tested and found to be 
poor to moderate.13,16  The construct of symptom irritability was further studied by 
Barakatt and colleagues13,15 based upon the ranking of pre-defined factors.  However, the 
resulting classification scheme including disability/pain intensity, pain persistence, sitting 
limit, standing limit, forward bend limit, and walking/lifting limit has not been validated 
or studied for its reliability.13,15   As this construct was analyzed with regard to low back 
pain, many of the factors that Barakatt and colleagues13,15 proposed are specific to low 
back pain and may not be the same factors for symptom irritability of shoulder pain. 
Additionally, this study did not acquire the factors from a large sample with varying 
backgrounds, resulting in significant limitations to the external validity of the study.   
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The symptom irritability construct was also described in the decision-making 
process for intervention selection for low back pain by Delitto and colleagues via the 
relationship of (1) time since injury, (2) level of disability, and (3) psychological 
sequelae.8  While this classification was not directly described as irritability, but rather 
described it as acuity, it constitutes similar characteristics and has been a cornerstone to 
the utility of the Treatment-Based Classification system.  This concept has been 
perpetuated by the clinical practice guideline for low back pain17 and multiple papers 
describing the treatment based classification system18-26 that developed from the 1995 
paper.   
Finally, Kelley and McClure proposed a method of classifying symptom 
irritability specifically for the shoulder.  This method of symptom irritability has been 
supported by the Shoulder Pain and Mobility Deficits: Adhesive Capsulitis: Clinical 
Practice Guidelines Linked to the International Classification of Functioning, Disability, 
and Health From the Orthopaedic Section of the American Physical Therapy 
Association.27  Additionally, in an effort to improve clinical decision-making for non-
operative management the proposed Staged Approach for Rehabilitation Classification: 
Shoulder Disorders (STAR-Shoulder) system utilized the patient’s pathoanatomic 
diagnosis, shoulder symptom irritability level, and physical impairments to determine the 
most effective treatment.2    
Knowledge Gap 
While symptom irritability has been described by clinicians9,28 and 
researchers,8,14,16 to my knowledge, no studies have determined the reliability and validity 
of symptom irritability measurement.  This knowledge gap is surprising, due to emerging 
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evidence that adherence to guidelines incorporating classification based upon acuity, or 
symptom irritability, for other body regions significantly reduces health care utilization 
and cost,29 and the potential importance of symptom irritability in guiding intervention 
for shoulder disorders.2 
Long-Term Goal 
The long-term goal of my research agenda is to determine the reliability and 
construct validity of the Staged Approach for Rehabilitation Classification: Shoulder 
Disorders (STAR-Shoulder)2 and refine the system for non-surgical clinical decision-
making for shoulder disorders and other body regions.   
Purpose of Dissertation 
The objective of this dissertation is to begin to establish the reliability and 
construct validity of shoulder symptom irritability as one part of the STAR-Shoulder 
classification system to guide refinements.  The central hypothesis is that shoulder 
symptom irritability is a reliable classification system that directs treatment intensity.  
This hypothesis has been formulated on the basis of the Physical Stress Theory10 and 
studies on spinal pain13,15,16 that symptom irritability is a marker of tissue readiness for 
physical stress.  This central hypothesis has been framed further by studies on spinal 
pain30 and expert consensus8,14,27 which have purported the use of classification systems 
incorporating symptom irritability improve patient outcomes.  However, the proposed 
classification system for the shoulder is only at the conceptual stage,  and thus research is 
required to refine and validate the proposed models.2   
The rationale for this research is that when shoulder symptom irritability is 
appropriately measured and communicated, non-surgical interventions can be prescribed 
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at the appropriate intensity.  Thus, the classification scheme must first be tested for 
reliability between clinicians for greater generalizability.  Subsequently, the shoulder 
symptom irritability classification system must be evaluated for validity.  Finally, the 
relationship between self-reported functional limitations and therapist judgments of 
irritability needs to be further clarified for improved comparison between shoulder 
symptom irritability groups. 
Relevance, Significance or Need for the Study  
The validity of this shoulder symptom irritability classification system was 
questioned by a study investigating intervention prescription for adhesive capsulitis as 
outcomes were no differences among groups of differing levels of symptom irritability 
for the same intervention intensity.31  However, Dempsey and colleagues31 utilized a 
retrospective post-operative cohort sample (n=36) from a single orthopedic surgeon, 
which calls into question the generalizability of their findings.  This is problematic as 
there are significantly different aspects of post-operative care compared to non-operative 
care, including operative technique and time since surgery, which may supersede 
symptom irritability.  Furthermore, while Dempsey and colleagues31 utilized the same 
basic list of criteria for shoulder symptom irritability as Kelley and McClure14, Dempsey 
and colleagues excluded subjects from the low irritability classification even if they had 
four criteria specifying low irritability and only one criterion indicating higher irritability 
levels.31  Thus, the internal validity is called into question as the classification scheme 
described by Dempsey et al31 would allow subjects to be classified as moderate/high 
irritability simply due to a single aberrant characteristic, instead of the intended use of the 
cluster of criteria to develop an overall classification of shoulder symptom irritability.  
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On the contrary, other evidence supports this notion that intensity should be 
altered based upon symptom irritability.  A prospective cohort study in 2004 (n=77) 
demonstrated significantly worse self-reported functional outcomes with a protocol 
ignoring symptom irritability than with a program accounting for symptom irritability.32  
This is further supported by biologically based reasoning that intensity should be altered 
based upon symptom irritability. 
Current evidence for the definition of shoulder symptom irritability includes 
expert consensus and clinical commentary.  This project is innovative because it 
establishes the reliability of shoulder symptom irritability classification and begins to 
establish a correlation between shoulder symptom irritability and guidance of treatment 
decision making.  Furthermore, it concurrently provides an efficient method of 
communication between providers of all healthcare professions to better manage non-
operative patient care.   
This approach could help us move beyond the current state of heterogeneous 
diagnostic groups, and improve the effectiveness of intervention to aid in managing rising 
healthcare costs.  A reliable and valid shoulder symptom irritability classification system 
needs to be integrated with the International Classification of Functioning, Disability and 
Health (ICF) categories of health condition (pathoanatomy) and body functions and 
structure (impairments) to appropriately prescribe rehabilitation intervention and reduce 
unwarranted variation in clinical practice.  Ultimately, the reduction in unwarranted 
variation has the potential to result in reduced costs and improved functional outcomes 
for patients. 
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Elements, Hypotheses, Theories, or Research Questions Investigated  
The study tested the central hypothesis that shoulder symptom irritability, a 
component of the STAR-Shoulder classification scheme,2 is a reliable classification 
system that directs treatment intensity with the following three specific aims (Figure 1). 
Figure 1: Specific Aims of the Study 
 
1. Specific Aim 1: The first specific aim was to determine the reliability of the 
shoulder symptom irritability classification system.  The hypothesis for 
Specific Aim 1 was that the shoulder symptom irritability classification 
system demonstrates good reliability (Κ>0.60 and agreement>70%) between 
raters.  
2. Specific Aim 2: The second specific aim was to compare levels of functional 
limitation between shoulder symptom irritability groups.  The two hypotheses 
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for Specific Aim 2 were: 1) there is a significant difference (p<0.05) in 
patient-reported functional limitations between shoulder symptom irritability 
groups; and 2) pain subscales demonstrate stronger differences than functional 
subscales between shoulder symptom irritability groups.  
3. Specific Aim 3: The third specific aim was to determine if the level of 
shoulder symptom irritability dictates the chosen intervention intensity.  The 
two hypotheses for Specific Aim 3 were: 1) the level of shoulder symptom 
irritability is moderately correlated (Κ>0.40 and agreement>50%) with 
planned intervention intensity; and 2) clinicians with clinical specialization 
(e.g. OCS, FAAOMPT) have a significantly higher degree (p<0.05) of 
matched planned intervention intensity compared to those without a 
specialization. 
All outcome measures and intervention choices used in the study are described in 
the upcoming definitions section, and in more detail in subsequent chapters. 
Definitions of Terms  
Computerized Adaptive Testing 
Computerized adaptive testing is a method of administering examinations to 
increase the efficiency of the examination process by re-estimating the testee’s ability 
level each time an answer is selected.  This is done utilizing item response theory to 
evaluate each item and item response, such that the estimate of the testee’s ability or 
disability level becomes more precise each time a response is provided.33 This study 
utilized computerized adaptive testing for the construct of fear avoidance, as described 
later on in the chapter. 
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Degree of Disability 
The degree of disability was measured utilizing the Penn Shoulder Scale, the 
American Shoulder and Elbow Surgeons Disability Scale, and the Focus on Therapeutic 
Outcomes (FOTO) Functional Score, which are patient-reported disability measures.  As 
no patient-reported disability measures have been deemed the gold standard for persons 
with shoulder pain,34,35 this study included multiple measures.  Additionally, neither of 
these scales have well-defined ranges for low, moderate, and high disability,2,34 and thus 
the clinicians were asked to use their judgment to determine the meaning of the score for 
purposes of classifying a patient’s symptom irritability. 
Dry Needling 
Dry needling uses a thin filiform needle without medication to penetrate the skin 
and stimulate underlying myofascial trigger points, contractile tissues, and connective 
tissues for the management of neuromusculoskeletal pain and movement impairments.36 
Efficiency 
The efficiency of a clinician’s performance was defined by the mean number of 
visits utilized for an episode of care marked as “shoulder” and in the Focus on 
Therapeutic Outcomes (FOTO) database.   
Electrical Agents  
Electrical agents include interventions such as laser, pulsed electromagnetic field, 
and electrical modalities aimed at modulating pain or eliciting a muscular contraction.37-39 
End Feel 
 End feel is generally defined as the sensation perceived by the clinician when 
resistance to motion is felt and whether that sensation of resistance is due to pain or tissue 
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tension.40  In this study, end feel was specifically be used to indicate the onset of pain in 
relation to onset of tissue resistance.  While the ability to utilize end feel to determine 
sequence of pain in relation to tissue resistance has demonstrated variable inter-rater 
reliability (Κ = 0.62 to 0.76,41 Κw = -0.01 to 0.7040), it has generally shown good intra-
rater reliability (Κ = 0.48 to 0.59,41 Κw = 0.59 to 0.8740) and is frequently used for clinical 
decision-making.40 
Examination 
 The examination encompassed any tests and measures required to determine 
shoulder symptom irritability, but was to avoid any symptom altering procedures prior to 
both examiners completing their assessments.   
Frequency  
Frequency is related to how often an intervention is performed, measured in 
number of sessions per week. 
Instrument-Assisted Soft Tissue Mobilization 
Instrument-assisted soft tissue mobilization is defined as a manual therapy 
technique performed with ergonomically designed instruments, comprising a continuum 
of skilled passive movements to the soft tissue that is applied at varying speeds and 
amplitudes.  
Manual Soft Tissue Mobilization 
Manual soft tissue mobilization is defined as a manual therapy technique 
comprising a continuum of skilled passive movements directed at muscular and 
connective tissue that are applied at varying speeds and amplitudes. Examples include, 
but are not limited to, deep pressure and various massage techniques. 
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Neuromuscular Control/Coordination Training 
Neuromuscular control/coordination training is defined as procedures or exercises 
designed to retrain the movement pattern42 of the shoulder girdle, spine, and/or other 
interdependent body regions.  This training focuses on precision and quality of movement 
rather than overload. At this time, the literature shows strong evidence for the use of 
neuromuscular control and coordination exercises.37 
Patient Education/Activity Modification 
Patient education, counseling, and activity modification can be done in a variety 
of ways.  Media such as pamphlets, videos, and verbal advice have been assessed in the 
current literature.  Additionally, demonstrations with and without verbal and/or tactile 
cueing are frequently utilized in clinical practice.  At this time, the literature shows 
moderate evidence for the use of patient education and counseling for patients who have 
suffered from adhesive capsulitis27 and emerging evidence for patients with rotator cuff 
syndrome.43,44 
Psychological Sequelae 
Psychological sequelae include constructs such as fear avoidance, self-efficacy, 
catastrophization, and kinesiophobia.  In this study, fear avoidance was the indicator of 
psychological sequelae, measured utilizing a computerized adaptive testing version of the 
Fear-Avoidance Beliefs Questionnaire. This questionnaire has demonstrated good ability 
to dichotomize people into high and low levels of fear avoidance.45  
Resistive Strength Training Exercises (including isometric) 
Resistive strength training exercises are defined as interventions that intend to 
increase strength and/or endurance of muscles including isometric, isotonic, and 
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isokinetic movements.  Strengthening exercises may begin in a protected mid-range 
position with the limb supported, and progress to end-range positions that work against 
gravity and additional external resistance. Exercise is progressed based on variables such 
as repetitions, resistance, speed and complexity of movement, body and joint position, 
and timing of muscular activation.42  Strength training specifically involves overloading 
the muscle and exercising until fatigue is achieved.37  
Range of Motion (ROM) Exercises (end range) 
ROM Exercises are defined as a continuum of therapeutic movements, either 
manually applied by the clinician or performed by the patient, directed at moving the 
shoulder girdle through the physiologic range of motion.  The end range category 
includes all movements that aim at reaching end range of movement, but do not include 
those techniques aimed at maintaining end range positioning for longer periods of time. 
Range of Motion (ROM) Exercises (non-end range) 
ROM Exercises are defined as a continuum of therapeutic movements, either 
manually applied by the clinician or performed by the patient, directed at moving the 
shoulder girdle through the physiologic range of motion.  The non-end range category 
includes all movements that avoid end range of movement, usually prescribed to facilitate 
pain reduction and fluidity of joint movement while avoiding end-range stress on tissue. 
Range of Motion (ROM)/Stretching Exercises (long duration) 
ROM Exercises are defined as a continuum of therapeutic movements, either 
manually applied by the clinician or performed by the patient, directed at moving the 
shoulder girdle through the physiologic range of motion.  The stretching exercises 
category includes all movements that aim at providing end-range stress to increase 
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movement and utilize end range positioning for longer periods of time, typically between 
30 seconds and several minutes.   
Shoulder: Joint Mobilization – End Range 
Shoulder: Joint mobilization – End range is defined as a manual therapy technique 
directed at the shoulder girdle, comprising a continuum of skilled passive movements to 
the joints that are applied at varying speeds and amplitudes, including a small 
amplitude/high-velocity therapeutic movement, and are aimed at encountering tissue 
resistance.27,46 
Shoulder: Joint Mobilization – Non-End Range 
Shoulder: Joint mobilization – Non-end range is defined as a manual therapy 
technique directed at the shoulder girdle, comprising a continuum of skilled passive 
movements to the joints that are applied at varying speeds and amplitudes but NOT 
encountering tissue resistance.27,46 
Spinal Manipulation (thrust) 
Spinal manipulation (Thrust) is defined as a manual therapy technique directed at 
the cervical, thoracic, or lumbar spine, comprising a continuum of skilled passive 
movements to the joints that are applied utilizing a small amplitude/high-velocity 
therapeutic movement.27,46 
Spinal Mobilization (non-thrust) 
Spinal mobilization (Non-thrust) is defined as a manual therapy technique 
directed at the cervical, thoracic, or lumbar spine, comprising a continuum of skilled 
passive movements to the joints that are applied at varying speeds and amplitudes, 
excluding small amplitude/high-velocity therapeutic movements.27,46 
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Shoulder Symptom Irritability 
Symptom irritability is defined as tissue readiness to accept physical stress.8,14,15  
Providers were instructed to choose one of three levels of shoulder symptom irritability 
(high, moderate, or low) considering criteria including pain level, presence of 
night/resting pain, onset of pain during motion, comparison of active and passive 
mobility, and disability level.2,27 
Taping/Strapping 
Taping or strapping interventions include those techniques utilizing tape with 
varying levels of adhesiveness and elasticity to facilitate or inhibit specific joint 
movements, muscle function, and/or motor coordination.  
Therapeutic Ultrasound  
Therapeutic ultrasound is the use of sound waves to produce heating of deeper 
tissues (including muscles, tendons, ligaments, and scar tissue) and alteration of cellular 
activity (acoustical streaming and stable cavitation).37  
Thermal Modalities 
 Thermal modalities included dry and moist hot pack application, ice and cold 
pack application, ice massage, and diathermy. 
Treatment Intensity  
Treatment intensity is defined as the amount of force necessary to perform the 
intervention.  This is multifactorial in nature and thus depended on the specific 
intervention involved.   
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Low-Intensity Interventions 
Examples of low-intensity interventions would include activity modification and 
support to avoid further irritation, pain-free and non-end range mobility exercises and 
mobilizations and passive modalities.  Specific interventions included in this category are 
listed in Table 1.   
Moderate-Intensity Interventions 
Examples of moderate-intensity interventions would include activity modification 
to progressively load the injured tissues without overload, comfortable end-range 
mobility exercises and mobilizations, movement training with emphasis on motor 
coordination/quality of motion, light to moderate resistance exercises to fatigue with 
avoidance of end range, and limited passive modality use.  Specific interventions 
included in this category are listed in Table 1. 
High-Intensity Interventions 
Examples of high-intensity interventions would include no use of passive 
modalities, tolerable and longer duration and frequency of end range mobility exercises 
and mobilizations, high demand movement training with emphasis on motor 
coordination/quality of motion, and moderate to high resistance exercises to fatigue to 
include movements into end range.2  Specific interventions included in this category are 
listed in Table 1. 
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Table 1: Intervention Choices based upon Treatment Intensity 
Low Intensity Moderate Intensity High Intensity 
Shoulder: Joint 
Mobilization – Non-end 
range 
Shoulder: Joint 
Mobilization – End range 
Shoulder: Joint 
Mobilization – End range 
Spinal Mobilization (Non-
thrust) 
Spinal Mobilization (Non-
thrust) 
Spinal Mobilization (Non-
thrust) 
Spinal Manipulation 
(Thrust) 
Spinal Manipulation 
(Thrust) 
Spinal Manipulation 
(Thrust) 
Manual Soft Tissue 
Mobilization 
Manual Soft Tissue 
Mobilization 
Manual Soft Tissue 
Mobilization 
 Instrument-Assisted Soft 
Tissue Mobilization 
Instrument-Assisted Soft 
Tissue Mobilization 
 Dry Needling  
 Neuromuscular 
Control/Coordination 
Training 
Neuromuscular 
Control/Coordination 
Training 
Range of Motion (ROM) 
Exercises (non-end range) 
Range of Motion (ROM) 
Exercises (end range) 
Range of Motion (ROM) 
Exercises 
(overpressure/long 
duration) 
 Resistive Strength Training 
Exercises (including 
isometric) 
Resistive Strength Training 
Exercises (including 
isometric) 
Taping/Strapping Taping/Strapping  
Patient Education/Activity 
Modification 
Patient Education/Activity 
Modification 
Patient Education/Activity 
Modification 
Therapeutic Ultrasound   
Electrical Agents Electrical Agents  
Thermal Modalities Thermal Modalities  
Interventions in each column are considered matched to treatment intensity listed at the 
top of the column. 
 
Vigor of Activity to Provoke Symptoms  
The vigor of activity to provoke symptoms includes such measures as pain at rest, 
the degree of pain with activity, the presence of pain prior to end range movement, and 
tolerance to motion. 
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Summary  
 As the healthcare system is struggling to determine the most cost-effective care 
for musculoskeletal conditions, it is imperative that clinical decision-making for non-
operative shoulder disorders be improved.  The STAR-Shoulder classification system has 
been proposed to improve clinical decision-making for non-operative shoulder disorders 
by utilizing a three-pronged approach: pathoanatomic classification, shoulder symptom 
irritability classification, and impairment classification.2  While many clinicians and 
researchers have recommended the use of symptom irritability for determining the 
intensity of proposed interventions to alleviate shoulder pain, no studies have attempted 
to address the reliability and validity of classifying patients based upon shoulder 
symptom irritability.7-9,13,14  This study determined the reliability of the shoulder 
symptom classification scale and begin to understand the correlation between shoulder 
symptom classification and treatment intensity decisions.  Furthermore, this study also 
aided in the understanding the relationship between the degree of functional limitation 
and therapist judgment of shoulder symptom irritability.    
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CHAPTER 2: REVIEW OF THE LITERATURE 
Introduction  
 The theory of tissue irritability and symptom irritability is rooted in the stages of 
acute tissue healing.  However, it was not until the late twentieth century that a 
physiotherapist from New Zealand began teaching others to utilize the concept of tissue 
irritability to gauge the intensity of treatment.28  This symptom irritability is intended to 
be an indicator of the tissue’s ability to handle physical stress.2  In other words, it is a 
metric to clinically assess the degree of inflammatory activity present in order to guide 
appropriate intervention intensity.   
Historical Overview of the Theory and Research Literature 
 Diagnosis has been integral in western medicine and is aimed at guiding the 
treatment approach, determining a prognosis, and succinctly communicating the signs 
and symptoms of the patient to other providers to aid in the patient’s recovery.47  
Historically, diagnostic categories have been based solely upon pathoanatomy.  To 
facilitate the accuracy of diagnosing pathoanatomy, much research has been performed to 
determine the reliability and validity of clinical testing48-52 and imaging modalities.49,52-55   
 For a diagnosis to be meaningful, it is implicit that a diagnosis should direct the 
most appropriate intervention for that condition, determine a prognosis, and diagnoses 
should be mutually exclusive from one another.  However, recent evidence suggests that 
pathoanatomic diagnosis is not correlated with the interventions chosen by board-
certified specialists in orthopedic physical therapy.6  Furthermore, pathoanatomic-based 
diagnosis may not be the best indicator for the determination of treatment strategy due to 
poor uniformity in labeling of shoulder disorders.  Essentially, this poor uniformity of 
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labeling creates heterogeneous groups of persons with shoulder pain instead of the 
intended homogenous groups.47  This ambiguity results in an inability to effectively 
compare study results to determine the most effective treatments to maximize success 
rates.47  
 Even when pathology is classified appropriately, evidence has demonstrated a 
lack of correlation in activity limitations, participation restrictions, and symptoms.  In a 
recent study investigating the correlation between clinical symptoms and power and 
function, there was poor correlation between degree of fatty degeneration of the rotator 
cuff muscles and power,  as well as a poor correlation between degree of fatty 
degeneration and function.56  Furthermore, even the degree of acromioclavicular joint 
osteoarthritis has been shown to have a poor correlation with clinical symptoms or even 
the side affected by clinical symptoms.57   
Additionally, the diagnosis should direct the most appropriate intervention for a 
given condition.  An example is in patients with chronic, symptomatic, full-thickness 
rotator cuff tear.  There has been considerable debate in the literature regarding the most 
appropriate treatment for this very specific pathology, with some advocating for effective 
non-operative management58 and others strongly recommending surgical repair.59  It may 
seem logical to anticipate that the severity of rotator cuff tear pathology, such as the size 
of the tear and degree of retraction, would be highly predictive of the need for surgical 
repair in patients with chronic, symptomatic, full-thickness rotator cuff tear.  However, 
no association was found between these pathoanatomic variables and the failure of non-
operative rehabilitation in a recent study.60   
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Therefore, a need exists to develop an adequate diagnostic system beyond the 
single classification construct of the anatomic structure implicated, in order to more 
accurately guide treatment decision making and inform prognosis.2  Diagnostic 
classification systems designed to guide non-operative rehabilitation have been 
developed for the lumbar spine8,61 and cervical spine.62,63 
 In 1995, a treatment based diagnostic process was proposed for the non-operative 
management of low back pain.8  The proposed diagnostic system utilizes symptom acuity 
classification and physical impairment classification to determine the most accurate 
diagnostic classification to direct treatment decision making and is mutually exclusive.8  
From its original proposal, this system has been refined over the years21,24,25,61,64 but still 
utilizes the same components of symptom acuity classification and physical impairment 
classification to determine diagnosis, prognosis, and most appropriate treatment 
intervention choice and intensity.  In this system, symptom acuity is described as acute, 
subacute, and chronic, but despite the nomenclature utilized, it is notated that the acuity 
of symptoms is more related to the symptom irritability than the time since injury.8  
Furthermore, when comparing treatment matched to the diagnostic category to 
unmatched treatment, patients receiving matched treatment have demonstrated improved 
outcomes18,20 and decreased healthcare costs29 when utilized for acute and subacute low 
back pain.  
  Again, due to the heterogeneity of neck pain and resultant poor outcomes of 
interventional studies, a similar approach has been utilized for neck pain.62,63,65  
Diagnostic groups are separated based on symptom irritability and physical 
impairments.62,63,65  In one diagnostic classification system, those patients with high 
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symptom irritability were placed a separate category.62  As this diagnostic classification 
system evolved though, the symptom irritability level became enmeshed with the 
physical impairment categories to direct treatment intensity.63  When applied to patients 
with neck pain, this diagnostic classification system also produced superior outcomes 
when treatment was matched to the diagnostic category compared to unmatched 
treatment.66 
Interestingly, due to the poor predictive value of specific pathology for lumbar 
and cervical spine disorders for the appropriate determination of non-operative 
management, neither the lumbar spine guidelines nor the cervical spine guidelines utilize 
pathoanatomical classification in the decision-making process for the most effective non-
operative management.61,63   The only utility of pathoanatomy in both lumbar and 
cervical spine diagnostic classification guidelines is during the screening process in order 
to determine appropriateness of the patient’s condition for non-operative care and 
determine the need for referral to another health care provider.18,20 
On the other hand, literature on the prognosis of shoulder disorders does 
demonstrate a correlation between pathoanatomic diagnostic classification and 
prognosis.27,59,67-70  Thus, if the major aims of diagnosis are to direct treatment decisions 
and inform prognosis, it would not be prudent to ignore the implicated anatomical 
structures when diagnosing shoulder pain.  Rather, the addition of shoulder symptom 
irritability classification and physical impairment classification to the pathoanatomic 
classification would provide a more complete diagnosis that both directs treatment and is 
mutually exclusive.2   
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Thus, an optimal classification system to improve treatment decision-making 
would encompass pathoanatomy, shoulder symptom irritability, and physical 
impairments.  The STAR-Shoulder classification system has been proposed to meet this 
need, utilizing pathoanatomic diagnostic classification paired with identified physical 
impairments and symptom irritability to more appropriately direct treatment decision-
making for shoulder disorders.2  However, this system is still in the conceptual stage and 
requires systematic evaluation, refinement, and validation before it can be recommended 
for clinical use.      
The Theory and Research Literature Specific to the Topic 
Geoffrey Maitland began promoting the concept of symptom irritability in the 
196571 to determine the intensity for which examination and intervention procedures 
were prescribed.9,16,72,73  Symptom irritability is defined as tissue readiness to accept 
physical stress.8,14,15  It is important for a provider to be able to reliably determine the 
level of tissue readiness for physical stress as improper levels of physical stress applied to 
tissues can be detrimental to the patient.10  However, symptom irritability has only been 
defined well enough for its measurement properties to be clearly evaluated for low back 
pain.16   
The Physical Stress Theory (PST) postulates that tissues will adapt and remodel in 
a predictable manner based upon the stresses placed upon them.10  When tissues are 
provided with physical stresses that are too low, the tissue will atrophy and this can lead 
to tissue death.10  However, if physical stresses are too high, the tissue may experience 
rupture or tissue death.10  Thus, in order to facilitate optimal patient outcomes, it is 
imperative for the provider to determine the amount of physical stress that will provide 
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either maintenance of the tissue or hypertrophy of the tissue based upon the needs and 
goals of the plan of care.10   
However, it is important that the determination of intervention intensity also must 
encompass factors such as movement and alignment factors, extrinsic factors, 
psychosocial factors, and physiological factors.7,10  Movement and alignment factors 
include muscle performance, motor control, posture and alignment, pre-morbid physical 
activity level, and occupational and leisure activities.7,10  Extrinsic factors include 
footwear, ergonomic environment, and gravity.7,10  Psychosocial factors include 
kinesiophobia, catastrophization, depression, and anxiety.74  Physiological factors include 
medications, age, systemic pathology, and obesity.7,10    
As there are no clinical markers for the degree of inflammation available, and 
measurements such as erythrocyte sedimentation rate, C-reactive protein, and plasma 
viscosity testing are impractical in clinical situations, the construct of symptom irritability 
has been utilized by clinicians to determine the intensity of examination and 
intervention.11,12  In order to encompass all of these aspects necessary to determine 
appropriate intensity, numerous researchers and clinicians have proposed criteria for 
which to base these diagnostic decisions (Table 2).7-9,13,14   
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Table 2: Proposed Factors of Symptom Irritability 
 
Ability to actively participate in the intervention7 
Age7,10 
Available support systems7,10 
Body morphology7,10 
Concurrent medications7,10 
Home and workplace demands and requirements7,10 
Level of disability8,10,14 
Limb dominance7 
Number of comorbidities7,10 
Pain persistence (time it takes for the symptoms to subside once aggravated) 9,13 
Presence of wounds7 
Psychosocial issues7,8,10 
Severity of symptoms9,13,14 
Stage of healing7,8,10 
Static position tolerance10,13 
Vigor of activity required to provoke a patient's symptoms9,13,14 
 
A number of the factors listed in Table 2 have been vetted by a panel of experts 
with extensive clinical, research, and publication experience on shoulder pain to develop 
criteria to determine shoulder symptom irritability.2  The shoulder symptom irritability 
classification system was initially proposed by Kelley et al in 200914 and was 
recommended for the classification of patients to aid in clinical decision-making for 
intervention intensity. The scale includes high, moderate, and low classification levels.14  
Classification was based on the following components: pain, mobility, and extent of 
disability.14  It was suggested that those components would be conceptually defined by 
pain level, pain at night or at rest, disability scores, presence of pain at end range of 
motion (ROM), and the relationship of active ROM (AROM) compared to passive ROM 
(PROM).14,27 
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Pilot data on the reliability of this shoulder symptom classification scheme was 
collected via a prospective, single-session, repeated measures design including patients 
with shoulder pain in an outpatient setting.75  Eighteen subjects were assessed for 
shoulder pain irritability by two physical therapists who were blinded to each other’s 
ratings.  Inter-rater reliability was high (K=0.88-0.92, agreement 91.6-92.3%).75  
However, the study was significantly limited by the small sample size, inconsistency 
regarding pain assessment during ROM measurements, and arbitrary operationalization 
of the low, moderate and high cut-off scores for the patient reported outcome measures.75  
These limitations would need to be corrected in future studies in order to improve the 
internal validity and generalizability of the study outcomes.   
Summary of What Is Known and Unknown About the Topic 
Symptom irritability has been utilized extensively by clinicians and researchers 
for many years9,15,16,61,63,72,73 and is proposed to aid in the determination of examination 
and intervention intensity, specifically for the shoulder.2  There have been multiple 
methods of measurement of symptom irritability for various body regions7,8,15,16 and one 
that has been vetted by a group of clinical and research experts that specifically relates to 
shoulder disorders.2  And, while this shoulder symptom irritability classification system 
has not been appropriately defined to clearly determine reliability and validity, pilot data 
from a small study revealed an excellent trend toward good reliability.75 
However, many aspects related to shoulder symptom irritability are yet unknown.  
The reliability and validity of the shoulder symptom irritability classification system have 
yet to be determined.2  Secondly, the specific procedures to be matched with shoulder 
symptom irritability levels at operationally defined intensity levels are also unknown at 
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this time.2  Additionally, the usefulness of the shoulder symptom irritability classification 
system in the determination of appropriate intervention intensity is unknown, both from a 
clinical utility perspective and also from a cost/benefit perspective.2   
The Contribution This Study Makes to the Field 
This study provides a better understanding of the reliability of the shoulder 
symptom irritability classification system.  Furthermore, it begins to build the necessary 
framework of correlation between diagnostic classification and treatment decision-
making.  Finally, it provides evidence of the importance of functional status in the 
symptom irritability classification system.   
It is anticipated that the shoulder symptom irritability classification scale will be 
integrated with health condition (pathoanatomy) and body functions and structure 
(impairments) as per the STAR-Shoulder diagnostic classification system to 
appropriately prescribe rehabilitation intervention and reduce unwarranted variation in 
clinical practice.2  Ultimately, the reduction in unwarranted variation is expected to result 
in reduced costs for the health care system and improved functional outcomes for 
patients. 
Summary 
It has been suggested that the shoulder is one of the most complex regions in the 
human body to diagnose because there is simultaneous movement of multiple joints, 
direct observation of movement can be obscured by muscle or adipose tissue, patient 
history is frequently vague, and there are a multitude of tests (clinical and imaging tests) 
that are not adequate to determine an accurate diagnosis.76  Since diagnosis is one of the 
six major elements of patient management77 and is a prerequisite for treatment78 as it is 
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necessary to select the appropriate intervention, facilitate communication between 
providers, and improve outcomes;47,79 reliable labeling, or classification, is necessary to 
hone the intensity of interventions to most efficiently and effectively address the patient’s 
problem.80   
Pathologic classification has been insufficient to effectively direct treatment 
selection and intensity and thus it is important to include shoulder symptom irritability 
classification and physical impairment classification.2  As physical impairment 
classification is not expected to be mutually exclusive, symptom irritability classification 
is utilized to provide clarity to the diagnostic process to aid in the determination of 
mutually exclusive diagnostic categories.   
 Shoulder symptom irritability is based on the principles of the PST.2,10  There are 
many clinical indicators of shoulder symptom irritability of which, a panel of expert 
clinicians and researchers of shoulder pain, have been reduced to 5 separate factors.2  
Pilot data on the shoulder symptom classification system demonstrates a trend toward 
excellent reliability.75  This study provides a better understanding of reliability and utility 
of the shoulder symptom irritability system.
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CHAPTER 3: METHODOLOGY  
Introduction 
 This study employed a quasi-experimental observational design utilizing repeated 
measures (specific aim 1), followed by cross-sectional analysis (specific aims 2 and 3).  
The target sample size for the study was 25 providers and 90 patients.  Patient-reported 
outcome measures were selected based on their reliability, validity, and internationally 
accepted use.34,81,82 Given that there is no single universal patient-reported outcome 
measure for the shoulder, multiple measures were utilized during the third aim of this 
project.   
Research Methods Employed 
Experimental Design 
For the reliability phase, the experimental design utilized repeated measures for 
inter-rater reliability. For the final two phases, a cross-sectional design was employed 
utilizing data gathered during the reliability phase. (Figure 1)  
Specific Aim 1   
The first specific aim was to determine the reliability of the shoulder symptom 
irritability classification system.  To address this aim, we analyzed paired rater judgments 
of shoulder symptom irritability (high, moderate or low) from consecutive patients with 
shoulder pain. Raters were physical therapists from multiple sites trained in rating 
shoulder symptom irritability.   Prevalence-adjusted, bias-adjusted Kappa for ordinal 
scales (PABAK-OS)83 and percent agreement were the primary measures of reliability.    
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Specific Aim 2   
The second specific aim was to compare the level of functional limitation between 
shoulder symptom irritability groups.  To address this aim, we analyzed patient-reported 
functional measures using analysis of variance with post-hoc analysis, in order to 
compare functional disability across different levels of shoulder symptom irritability. To 
preserve the validity of this analysis, only those subjects receiving the same classification 
by both raters were included.  This methodology decreases the risk of confounders, as 
inter-rater reliability could otherwise affect the comparison of functional limitation 
between shoulder symptom irritability groups.  The independent variable was the 
shoulder symptom irritability classification, and dependent variables included patient-
reported functional status measures.  The hypothesis was that patients with higher 
irritability would report greater functional deficits. 
Specific Aim 3   
The final specific aim was to determine if the level of shoulder symptom 
irritability dictates the chosen intervention intensity.  To address this aim, raters selected 
intervention choices for each of the included patients, utilizing a pre-specified list of 
possible physical therapy interventions (Appendix H).  
Data analysis included PABAK-OS for correlation and independent t-test for 
group differences. The hypothesis was that patients with high irritability would be 
prescribed interventions aimed at minimizing the physical stress to the affected tissue(s), 
while patients with low irritability would be prescribed interventions at a higher intensity 
to address the physical impairments.   
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Specific Procedures Employed 
Subjects 
 Requests for raters to participate in the study were sent to all 87 outpatient 
physical therapists in the St. Luke’s University Health Network.  The expected response 
rate was 25% due to the need for 2 raters at each site and participation interest in the 
study.  Patient subjects were recruited from a convenience sample of consecutive patients 
presenting for physical therapy consultation for shoulder pain. As our pilot data 
demonstrated K>0.85 with similar methodology,75 this study was powered at 80% to 
determine a K>0.80 with a sample size of 48 with a null K value of 0.40.84  However, as 
only those subjects classified the same by both raters would be included in phase 2, there 
was the expectation of a significant drop in sample size between the first phase and the 
phase 2 of this study.  Thus, doubling the required sample size was prudent to maintain 
the power of the subsequent analyses. Based on historical records, a patient sample size 
of at least 90 subjects was anticipated over a 6-month period.   
Criteria for inclusion/exclusion 
Rater Group 
 Inclusion criteria were state licensure as a physical therapist and regular clinical 
practice with patients with shoulder disorders, defined as a minimum of 500 clinical 
hours per year, and greater than or equal to 10% of caseload consisting of patients with 
shoulder disorders.   
 Exclusion criteria included not meeting inclusion criteria. 
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Patient Group 
 Inclusion criteria were presenting with a chief complaint of shoulder pain, not 
extending to the neck, for outpatient physical therapy consultation. 
 Exclusion criteria included illiteracy in English and age less than 18 years.  
Additionally, subjects were excluded from the study if they presented with pain or 
symptoms distal to elbow, had shoulder surgery on the symptomatic side in the past year, 
if active or passive cervical spine ROM reproduced shoulder pain, had a positive 
Spurling’s test, or if they were unable to complete the patient reported functional 
questionnaires.  Subjects found to have a need for referral to another medical professional 
would have been provided with the appropriate referral.  If the reason for referral was 
such that it would prevent them from participating safely in the study, that subject would 
have been excluded from subsequent testing. 
Institutional Review Board (IRB) approval 
 Ethics approval has been obtained from the Institutional Review Boards of St. 
Luke’s University Health Network (2016-61) and Nova Southeastern University (2016-
379). Written informed consent was obtained from each subject prior to enrollment in the 
study. 
Methods and Instrumentation 
Instrumentation / Tests and Measures 
Demographic information questionnaire 
 The survey (Appendix B) collected demographic data from raters including name, 
age, years of practice, type of advanced certification(s) held, gender, entry-level degree, 
and highest earned degree.   
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Shoulder Symptom Irritability Classification System 
 Raters were asked to classify patient subjects in one of three shoulder symptom 
irritability classifications (Appendix G) based upon pain level, the presence of night or 
resting pain, the onset of pain during motion, differences between active and passive 
range of motion, and level of disability.2,14,27   
Patient-Reported Outcome Scales 
 Three patient-rated outcome scales were administered for the purpose of 
enhancing generalizability, as there is no single gold standard patient-reported outcome 
scale accepted throughout the world for patients with shoulder pain.34,35 
Focus On Therapeutic Outcomes (FOTO) 
The FOTO functional scale (FS)85 is a computerized adaptive test (CAT) and was 
administered via iPad (iPad 2, Apple, Cupertino, CA) at each clinic.  The FOTO FS has 
been found to be a reliable and valid measurement system for outpatient orthopedic 
rehabilitation.85-87 The FOTO FS was developed utilizing Item Response Theory and thus 
is a ratio scale that ranges from 0-100 with 0 being completely limited in all functional 
activity and 100 equated to full functional ability.88-91 
In more recent studies, the FOTO questionnaire has demonstrated good construct 
validity and responsiveness for patients with shoulder complaints.82,92  As a CAT, the 
FOTO questionnaire has a low burden on patients, with a mean test administration time 
of 1 minute and 29 seconds (SD = 90 seconds).82  Furthermore, the standard error of the 
mean (SEM) has been found to be 1.30 with a minimal detectable change with 95% 
confidence (MDC95) of 3.60-10.88 functional score units.
82,92  Minimal clinically 
important improvement (MCII) has been found to be 8 points utilizing receiver operating 
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characteristic curve analysis.82  When patients are grouped by quartile, the MCII is 
suggested to be 23, 10, 5, and 2 functional score change scores for the lowest through the 
highest quartiles upon intake, respectively.82 
Additionally, FOTO was utilized to collect demographic data for each patient 
including comorbidities, age, gender, height, weight, chronicity of symptoms, type of 
insurance used, level of fear avoidance, and number of surgeries (Appendix D). 
Penn Shoulder Score (PSS) 
The Penn Shoulder Score (PSS), originally published in 199993 and validated in 
2006,94 is a self-report questionnaire consisting of three sections: pain, satisfaction, and 
function.  The function subscale consists of twenty (20) items, each on a 4-point Likert 
scale (Appendix E).  Each item is scored as 0 (can’t do at all), 1 (much difficulty), 2 (with 
some difficulty), or 3 (no difficulty).  The item scores are then summed to determine the 
subscale score out of 60 (no difficulty for all items).  Resultant scores for each subscale 
are divided by the total range from 0-100 with 0 as greatest disability and 100 as no 
disability.93   
The PSS has demonstrated good test-retest reliability (ICC2,1 = 0.94) with a 
SEM90 of 8.5.
94 The MDC90 is 12.1, and the minimal clinically important difference 
(MCID) was found to be 11.4.94  
American Shoulder and Elbow Surgeons (ASES) Shoulder Score  
The American Shoulder and Elbow Surgeons (ASES) Shoulder Score, originally 
published in 199495 and validated in 2002,96 is a self-report questionnaire consisting of 
two sections: one visual analog scale (VAS) to measure pain, and ten items to measure 
activities of daily living.  The questionnaire takes 3 minutes to complete and is scored as 
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follows: [(10 – VAS pain) x 5] + (5/3 x sum of ADL items).97  As the items in the PSS 
are identical to the ASES, the PSS form was enhanced with 1 additional question to 
obtain both PSS scores and ASES scores with minimal responder burden (Appendix E).  
Resultant scores for each subscale range from 0-100 with 0 as greatest disability and 100 
as no disability.97   
The ASES has demonstrated good to excellent test-retest reliability (ICC = 0.61-
0.96) with an SEM of 6.7.97 The MDC95 is 11.2,
96 and the MCID was found to be 12.0.98 
Furthermore, a recent systematic review found the ASES to be one of the only patient-
reported functional scales for rotator cuff disease to have measurement error below 10% 
of the global score.99 
Numeric Pain Rating Scale 
The Numeric Pain Rating Scale (NPRS) is an 11-point Likert scale that can be 
used to measure pain intensity.  The NPRS is a standard pain assessment scale that uses a 
0-10 scale (no pain to worst pain imaginable, respectively) to determine a patient’s level 
of pain.  Patients rate their level of pain in the last 24 hours. The NPRS has demonstrated 
good reliability (ICC2,1=0.74) and responsiveness (MDC = 2.5, MCID = 1.1) in subjects 
with shoulder pain100 and excellent reliability in an upper extremity orthopaedic 
population.101  Furthermore, the NPRS has been used to assess pain severity of both 
traumatic and atraumatic etiologies.102 
Range of Motion 
Measurements of active range of motion (AROM) are performed to determine 
limitations in motion, and the impact of movement on symptoms.  Active flexion of the 
shoulder is performed in an upright position. Care was taken to ensure the patient 
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maintains an upright position throughout the examination and during subsequent follow-
up examinations. All passive movements of the shoulder were performed in the supine 
position.103-106     
All methods are moderately correlated with more definitive radiographic and 3D 
kinematic measurements.  Goniometric measurements of shoulder AROM in 
symptomatic patients demonstrates fair-good reliability with regards to intra- and inter-
rater reliability (Inter-rater Rho = 0.64-0.80; Intra-rater Rho = 0.53-0.91).103-106  Passive 
range of motion (PROM) demonstrates even greater reliability with intra-examiner ICC 
values = 0.98, and inter-examiner ICC values ranging from 0.87-0.89.104 
In order to measure flexion AROM, the patient is positioned in a standing position 
and is asked to actively flex the shoulder to end range.27  ROM is measured by placing 
the axis of the goniometer on the greater tuberosity. The stationary arm is aligned with 
the midline of the trunk. The movable arm is aligned with the lateral epicondyle.27 
To measure flexion PROM, the patient is positioned in supine with the arm 
comfortably by the side. The examiner passively flexes the shoulder until end range is 
reached (with no compensatory movements from the thorax and the lumbar spine). ROM 
is measured by placing the axis of the goniometer on the greater tuberosity. The 
stationary arm is aligned with the midline of the trunk. The movable arm is aligned with 
the lateral epicondyle.27  
End Feel - Pain 
End feel is generally defined as the sensation perceived by the clinician when 
resistance to motion is felt, and whether that sensation of resistance is due to pain or 
tissue tension.40  In this study, end feel was specifically used to indicate the onset of pain 
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in relation to onset of tissue resistance.  While the ability to utilize end feel to determine 
sequence of pain in relation to tissue resistance has demonstrated variable inter-rater 
reliability (Κ = 0.62 to 0.76,41 Κw = -0.01 to 0.7040), it has generally shown good intra-
rater reliability (Κ = 0.48 to 0.59,41 Κw = 0.59 to 0.8740) and is frequently used for clinical 
decision-making.40 
Procedures 
See Appendix A for the flow chart of study procedures.  Raters were recruited via 
email and personal request.  A minimum of 2 raters at each site was required for 
enrollment in the study.   Raters were consented in person and demographic data on the 
raters was collected (Appendix B).  The raters were then trained with the following 
materials: (1) Collaborative Institutional Training Initiative (CITI) training for those 
involved in consenting patients, (2) the reading of the Staged Approach for Rehabilitation 
Classification: Shoulder Disorders2 with direction to pay special attention to the section 
on Level 3 classification and Table 3,2(pp 795-6) and (3) a short online narrated presentation 
to reinforce understanding of the content (https://youtu.be/a-QiJ5-bKKQ).107  The intent 
of this training method was to increase the generalizability of the study results and to 
avoid overly specialized training methods that would be difficult to reproduce clinically.  
Consecutive patients were recruited by the raters from their regular caseload 
(Appendix C). Patients received a brief explanation of the study, provided informed 
consent, and were asked to complete the functional questionnaires (Appendices D-E) as 
part of the outpatient admissions process.  Included in the admissions process, FOTO was 
also utilized to collect demographic data from subjects including comorbidities, age, 
gender, height, weight, chronicity of symptoms, and level of fear avoidance.  The first 
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therapist rated the patient’s shoulder symptom irritability classification during the normal 
examination process utilizing the intake forms (Appendices F-G).  After the first rater 
completed their examination and prior to any intervention that may have changed the 
shoulder symptom irritability, a second rater, blinded from the first rater’s assessment, 
then examined and rated the subject (Appendices F-G).  In addition to the shoulder 
symptom irritability rating, both raters were asked to provide a treatment intensity 
recommendation based on the examination findings (Appendices H-I).  Data collection 
forms were placed in a sealed security-tint envelope and sent via interoffice mail for data 
entry and analysis.  Data were collected from December 1, 2016-June 9, 2017.  All data 
were entered and maintained on a secure, password-protected server (RedCap, Nashville, 
TN; https://redcap.slhn.org/).  
Statistical Analysis 
IBM SPSS Statistics (Version 25) was utilized to perform all statistical analysis.  
Descriptive statistics were used to characterize both raters and patients.  Frequencies 
were utilized for categorical variables and means with standard deviations for continuous 
variables.  
A repeated measures design, utilizing two raters per subject, was utilized to 
determine inter-rater reliability.  The raters independently rated the subject’s shoulder 
symptom irritability level utilizing the shoulder symptom irritability classification 
system.2,14  The inter-rater reliability was evaluated using the prevalence-adjusted, bias-
adjusted Kappa for ordinal scales statistic (PABAK-OS).83,84  For evaluation of statistical 
significance, a two-tailed confidence interval was utilized with α set to 0.05, and the null 
hypothesis was that the PABAK-OS is <0.40.84 The PABAK-OS statistic was selected 
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due to the inherent unequal distribution of irritability levels in clinical practice, and to 
minimize the effect of any rater bias.   
The concept of shoulder symptom irritability is hypothesized to impact treatment 
decision making.2,14  Treatments directed at a patient with high shoulder symptom 
irritability should include those to minimize physical stress and modify symptoms 
whereas the interventions directed toward a patient with low irritability should include 
moderate to high physical stress and be specifically directed at addressing the patient’s 
physical impairments.2  In the intermediate between high and low is the moderate 
shoulder symptom irritability group which would receive interventions with mild to 
moderate physical stress addressing basic functional activity restoration and beginning to 
address the patient’s physical impairments.2  If a clinician incorrectly classifies a patient 
as high instead of moderate shoulder symptom irritability, the patient would receive 
interventions to minimize physical stress and modify symptoms to facilitate addressing 
the physical impairments on a subsequent encounter.  Thus, minimal time is lost, and the 
patient would still benefit from this incorrect dosing of treatment as symptoms in the 
moderate shoulder symptom irritability group are still limiting basic daily functional 
tasks.  However, if a patient was misclassified as high instead of low shoulder symptom 
irritability, the treatments would not be addressing the physical impairments and would 
instead be focused on minimizing symptoms that do not significantly need to be modified 
to facilitate the improvement of those underlying physical impairments.  
Consider a patient with subacromial pain with intermittent resting pain, moderate 
pain at rest, pain at end range of motion, and can do basic functional tasks despite mild 
discomfort with heavier tasks. If the clinician misclassifies the patient with high shoulder 
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symptom irritability instead of moderate shoulder symptom irritability, the initial 
intervention would likely include activity modification to decrease pain with activity, 
thermal modalities and pharmacological analgesics as needed to reduce the pain at rest, 
and monitor physical impairments for accurate planning of future encounters.  This 
patient would have missed the opportunity to begin working on restoring basic functional 
activities but would have learned to alter basic activities to decrease symptoms, which in 
turn, would have facilitated the restoration of those basic functional activities naturally as 
symptoms decreased.  Additionally, the patient would have missed the opportunity to 
begin addressing the specific physical impairments associated that may be associated 
with subacromial pain such as passive mobility deficits, poor motor control, and muscular 
weakness.  However, the treatment for a patient with high irritability would focus on 
encouraging the use of unaffected regions which would help to facilitate neuromuscular 
patterning and minimize atrophy and further loss of mobility and strength.  Thus, only 
minimal time would have been lost from this misclassification.   
However, if the patient with subacromial pain had no pain at rest or at night, low 
amounts of pain throughout the day, and only with higher level activities was classified 
as having high shoulder symptom irritability instead of low shoulder symptom irritability, 
the initial intervention would likely include activity modification to decrease pain with 
activity, thermal modalities and pharmacological analgesics as needed to reduce the pain 
at rest, and monitor physical impairments for accurate planning of future encounters. This 
patient would have missed the opportunity to begin addressing the patient’s physical 
impairments and begin working on restoring the higher-demand functional activities 
which are limited.  Treatments for a patient with high irritability, directed at reducing 
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symptoms at rest and basic activity modification, would not only be needless, but are a 
waste of time and a threat to therapeutic alliance, and thus may significantly delay 
recovery.108  
Thus, it was determined that near misses of one level would be weighted 2/3.  The 
level of 2/3 was chosen specifically because a near miss means the clinician would likely 
result in a treatment that partially addresses the patient’s problem at an intensity that will 
still improve their condition in a significant manner and cause only a slight delay in 
facilitating recovery, whereas a miss by two levels would likely result in treatment that is 
of low therapeutic value to the patient and would likely delay the patient’s recovery.  
PABAK-OS was calculated utilizing the web-based application from Single Case 
Research.109  To complement a thorough description of reliability, percent agreement was 
also reported.  For evaluation of statistical significance, a two-tailed confidence interval 
was utilized with α set to 0.05, and the null hypothesis was that the PABAK-OS was 
<0.40.84 
Analysis of variance with post-hoc analysis was utilized for evaluation of 
differences in patient-reported functional limitation and pain subscales between shoulder 
symptom irritability groups.  Furthermore, ordinal regression was utilized to determine 
the strength of the pain and functional subscales to predict SSIC.  For evaluation of 
statistical significance, α was set to 0.05.   
Lastly, to evaluate the correlation between intervention intensity and diagnosed 
classification of shoulder symptom irritability, the PABAK-OS statistic was used.  
Additionally, independent t-tests were utilized to evaluate for differences between groups 
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for hypotheses 1 and 2 of aim 3.  For evaluation of statistical significance, α was set to 
0.05.   
Formats for Presenting Results 
Presentation 
 I plan to initially present this to the larger physical therapy community at the 
Combined Sections Meeting (CSM).  I will be submitting for platform presentation at 
CSM 2019.     
Publication 
 This dissertation would split well into three papers: one for reliability (Specific 
Aim 1), one for correlation with treatment selections (Specific Aim 2), and one for 
comparison of the degree of functional limitation between shoulder symptom irritability 
groups (Specific Aim 3).   
Since this specific dissertation is focused on rehabilitation professionals, specifically 
physical therapists, my first target would be Physical Therapy as it has the greatest reach 
and impact factor for the target audience.  If denied from that journal, my next targeted 
journal would be to obtain the largest orthopedic physical therapy audience with Journal 
of Orthopaedic and Sports Physical Therapy.  Lastly, if denied from both of those 
journals, I would focus on Archives of Physical Medicine and Rehabilitation due to the 
relatively high impact factor and focus on rehabilitation professionals.  
Resources Used 
Grant Awards 
 A grant was obtained from the Auxiliary of the St. Luke’s University Hospital for 
$5,000.  Grant funding was utilized in the following manner. 
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Support Personnel:  
$960 for a data technician [2 hr./wk. x 24 weeks x $20/hr.]. 
Subject Recruitment 
$1,010 for $10 gift card for each subject recruited [$10 x 101 subjects] 
$2,020 for $10 gift card for each subject recruited to each rater [$10 x 2 x 
101 subjects] 
$1,010 for $10 gift card for each subject recruited to each clinic 
coordinator [$10 x 101 subjects] 
Additional Funding 
The following was paid for via self-funding and/or employer funding. 
Transportation/Registration/Room/Board for Presentation of Results 
$2,000 for printing, transportation, registration, room, and board for 
presentation of results at the 2019 Combined Sections Meeting of the American 
Physical Therapy Association. 
Data Analysis: 
  $200 IBM SPSS Statistics Premium Version 24, 24-month license 
Equipment & Supplies:  
$100 for general supplies (e.g., paper, copies, pens, internet access) 
IRB Submission: 
 $3,500 for initial review with St. Luke’s University Health Network 
 $950 for final report with St. Luke’s University Health Network 
Total Cost: 
The total funding resources utilized to complete this study was $11,750. 
  
44 
 
CHAPTER 4: RESULTS 
Introduction 
Thirty-six (36) physical therapists from 16 sites completed rater training.  Of 
those trained, 24 raters from 11 sites submitted data meeting the inclusion criteria for the 
study. One-hundred-one (101) patients were included in the data analysis, and 6 were 
excluded for the following reasons: pain or symptoms distal to the elbow (1), failure to 
complete forms (1), cervical spine involvement (3), and history of ipsilateral upper 
extremity surgery (1) (Figure 2). 
Figure 2: Participant inclusion in the analysis for this study 
 
 
Findings 
Participant Demographics 
 Initially, we received responses from and trained 35 raters from 16 sites.  Of the 
24 raters that submitted patient data for this study, the mean age was 33.9 (+/-7.3) years 
with a mean of 8.1 (+/-6.7) years of experience in clinical practice.  Females accounted 
for 41.7% of the raters, 87.5% had earned a DPT or higher, and 54.2% had earned 
American Board of Physical Therapy Specialties (ABPTS) Certification in either Sports 
or Orthopaedic Physical Therapy.  As the samples did not fall within a normal curve due 
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to positive skewness for age and years of practice (Figures 3-4), the scale data for those 
two variables were compared utilizing a Mann-Whitney U test.110  Nominal data were 
compared utilizing Chi-square testing as long as the cell counts were >5; and in the case 
of highest earned degree, Fisher’s Exact test was utilized as 50% of the cell counts were 
fewer than 5.  There were no statistically significant demographic differences between 
those raters that submitted patient data and those that did not submit data. (Table 3) 
Table 3: Rater demographics 
 Participated (n=24) Did not participate 
(n=13) 
p 
Age (mean, SD)* 33.9 (7.3) 33.5 (7.5) 0.7
6 
Years of Practice (mean, SD)* 8.1 (6.7) 7.4 (6.2) 0.6
0 
Female (n, %)‡ 10 (41.7%) 5 (38.5%) 0.8
5 
Entry-Level Degree of DPT (n, 
%)‡ 
17 (70.8%) 8 (61.5%) 0.5
6 
Highest Earned Degree of DPT 
(n, %)† 
21 (87.5%) 10 (76.9%) 0.6
4 
ABPTS Certification‡ 13 (54.2%) 3 (23.1%) 0.0
7 
Data was compared via: * Mann-Whitney U, ‡ Chi-Square test, † Fisher's Exact test 
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Figure 3: Rater Age Distribution 
 
 
 
Figure 4: Rater Years of Practice Distribution 
  
  
47 
 
The mean age of the 101 consecutive patients included in the study analyses was 
56.0 (+/-16.0) years, with females accounting for 65.3% of the sample.  The majority of 
the sample (88.1%) was right hand dominant and 56.4% of the entire sample had 
complaints of right shoulder pain.  Additionally, 43.6% of the sample had elevated levels 
of fear avoidance.  Only 21.8% of the patients presented with acute pain of fewer than 3 
weeks duration.  The largest single group of patients presented with subacute pain of 3 
weeks to 3 months (37.6%).  Finally, 14.9% of patients presented with pain that had 
lasted 3-6 months and 25.7% of patients presented with pain of greater than 6 months 
duration (Table 4). 
Table 4: Patient demographics 
 n = 101 
Age (mean, SD) 56.0 (16.0) 
Female (n, %) 66 (65.3%) 
Right hand dominance (n, %) 89 (88.1%) 
Right arm affected (n, %) 57 (56.4%) 
Elevated fear avoidance (n, %) 44 (43.6%) 
Acuity (time since onset of symptoms)  
0-7 days 5 (5.0%) 
8-14 days 7 (6.9%) 
15-21 days 10 (9.9%) 
22-90 days 38 (37.6%) 
91 days to 6 months 15 (14.9%) 
Over 6 months 26 (25.7%) 
 
Aim 1: Reliability of Shoulder Symptom Irritability Classification  
All 101 subjects were included in the inter-rater reliability analysis.  As 
anticipated, the SSIC with the greatest frequency of selection was moderate (46.3%) 
followed by a relatively even distribution of 28.4% and 25.4% for low and high 
irritability, respectively (Table 5).  The inter-rater reliability of the shoulder symptom 
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irritability classification system was PABAK-OS = 0.69 (95% Confidence Interval = 
0.59-0.78) and the percent agreement between raters was 68% (Table 6).   
Table 5: Frequency of Shoulder Symptom Irritability Rating 
SSIC Ratings n (%) 
Low Irritability  38 (28.4%) 
Moderate Irritability 62 (46.3%) 
High Irritability 34 (25.4%) 
SSIC = Shoulder Symptom Irritability Classification 
 
Table 6: Inter-Rater Reliability of Shoulder Symptom Irritability Classification – 
All Sites 
 Rater 2 
Low Moderate High 
Rater 1 Low 23 9 0 
Moderate 5 30 6 
High 1 12 15 
PABAK-OS = 0.69 (95% CI 0.60, 0.78) 
Rater Agreement = 67% 
 
Within each of the 11 participating sites, inter-rater reliability ranged from 
PABAK-OS = 0.09-1.0 and rater agreement ranged from 0-100% and is summarized in 
Table 7 (contingency tables for sites can be found in Appendix J).  One potential 
limitation was that raters may learn each other’s rating habits if blinding was not 
maintained.  Thus, inter-rater reliability was also assessed separately for those sites that 
submitted 10 or more subjects and those that submitted less than 10 subjects.  To assess 
the risk of unblinding, sites were grouped into those that submitted 10 or more subjects to 
be analyzed in the study (increased inherent risk of discussion and inter-rater learning) 
and those that submitted fewer than 10 subjects to be analyzed (increased inherent risk of 
discussion and inter-rater learning).  The threshold of 10 or more subjects was chosen as 
the two groups would have a nearly equal number of sites (5 vs. 6) as seen in Figure 5.    
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Table 7: Inter-Rater Reliability of Shoulder Symptom Irritability Classification by 
Site 
Site n PABAK-OS (95% CI) Rater Agreement 
1 6 0.55 (0.25, 0.85) 70% 
2 12 0.55 (0.29, 0.80) 50% 
3 10 0.78 (0.50, 1.0) 75% 
4 6 0.66 (0.33, 1.0) 63% 
5 14 0.09 (0, 0.77) 0% 
6 2 0.81 (0.63, 0.99) 79% 
7 7 0.73 (0.43, 1.0) 70% 
8 7 1.0 (0.61, 1.0) 100% 
9 3 0.70 (0.15, 1.0) 67% 
10 4 0.55 (0.08, 1.0) 50% 
11 26 0.32 (0, 0.80) 25% 
 
Figure 5: Inter-Rater Reliability Compared by Site 
  
Sites that submitted 10 or more subjects had an inter-rater reliability of PABAK-
OS = 0.71 (95% CI 0.60-0.82), and sites that submitted fewer than 10 subjects had an 
inter-rater reliability of PABAK-OS = 0.63 (95% CI 0.45, 0.82) (Tables 8-9).   Thus, 
there was no significant improvement or degradation of reliability between groups that 
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have had increased experience rating subjects when compared to those groups that have 
had less experience, but the same degree of training.   
Table 8: Inter-Rater Reliability of Shoulder Symptom Irritability Classification - 
Sites with n < 10 
 Rater 2 
Low Moderate High 
Rater 1 Low 6 2 0 
Moderate 1 6 4 
High 0 4 4 
PABAK-OS = 0.63 (95% CI 0.45, 0.82) 
Rater Agreement = 59% 
 
Table 9: Inter-Rater Reliability of Shoulder Symptom Irritability Classification - 
Sites with n ≥ 10 
 Rater 2 
Low Moderate High 
Rater 1 Low 17 7 0 
Moderate 4 24 2 
High 1 8 11 
PABAK-OS = 0.71 (95% CI 0.60, 0.82) 
Rater Agreement = 70% 
 
Additionally, another potential limitation was that the number of specialists in the 
site may positively influence the reliability of the ratings.  However, when the ratio of 
specialists was compared between the two sites with the greatest reliability to the two 
sites with the worst reliability, there was no trend discovered.  The two sites with the 
greatest inter-rater reliability consisted of 80% specialist raters, whereas the two sites 
with the lowest inter-rater reliability consisted of 75% specialist raters (Figure 6). 
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Figure 6: Inter-rater reliability controlling for specialist-trained raters 
 
 
Aim 2: Compare level of functional limitation between irritability groups 
Raters agreed upon the rating of 68 patients, and subsequently, those 68 subjects 
were included in the analysis of the second aim.  One subject did not complete the FOTO 
FS and thus the analyses of FOTO FS only included a sample size of 67.  Mean 
functional limitation scores with 95% confidence intervals for each of the shoulder 
symptom irritability groups are depicted for all three PRO measures in Figure 7.  
Analysis of variance demonstrated significant differences in functional limitation 
between irritability groups for the PSS, ASES, and FOTO FS (p<0.001) as described in 
Table 10.  Furthermore, Bonferroni post hoc analysis demonstrated significant 
differences between all groups for all patient-reported functional measures, with an effect 
size of functional score on shoulder symptom irritability group ranging from 3.20-6.80 
(Table 11).  
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Figure 7: Functional limitation differences between shoulder symptom irritability 
groups 
 
PSS, Penn Shoulder Score. ASES, American Shoulder & Elbow Surgeons Score. FOTO 
FS, Focus on Therapeutic Outcomes Functional Score.  Error bars = 95% Confidence 
Interval 
Red = High shoulder symptom irritability 
Yellow = Moderate shoulder symptom irritability 
Green = Low shoulder symptom irritability 
 
Table 10: Functional limitation differences between shoulder symptom irritability 
groups 
Patient-reported functional measure n df F p 
PSS Total 68 2 67.38 <0.001 
PSS Function 68 2 45.62 <0.001 
PSS Pain 68 2 63.68 <0.001 
ASES Total 68 2 45.27 <0.001 
ASES Function 68 2 34.11 <0.001 
ASES Pain 68 2 26.20 <0.001 
FOTO FS 67 2 29.06 <0.001 
PSS, Penn Shoulder Score. ASES, American Shoulder & Elbow Surgeons Score. FOTO 
FS, Focus on Therapeutic Outcomes Functional Score. 
  
20 30 40 50 60 70 80 90
FOTO FS
PSS Total
ASES Total
Patient-Reported Status Score (0-100; 100 = no 
(MCID = 8)
(MCID = 11.4)
(MCID = 12.0)
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Table 11: Effect size of functional limitation between shoulder symptom irritability 
groups 
Patient-reported functional measure Low to Moderate Moderate to High 
PSS Total 6.80 (4.33-9.25) 6.12 (3.67-8.58) 
PSS Function 5.81 (3.34-8.26) 4.82 (2.35-7.27) 
PSS Pain 5.89 (3.43-8.34) 6.66 (4.21-9.13) 
ASES Total 5.19 (2.74-7.66) 5.39 (2.93-7.85) 
ASES Function 5.45 (2.99-7.91) 3.67 (1.21-6.13) 
ASES Pain 3.20 (0.75-5.67) 4.78 (2.32-7.24) 
FOTO FS 3.53 (1.08-5.99) 4.86 (2.39-7.31) 
Effect size (95% confidence interval) 
 
Additional exploratory analyses were completed as an extension of the study’s 
aims due to the large differences in functional scores between shoulder symptom 
irritability classification groups.  To the author’s knowledge, there have been no studies 
that have determined cut-off scores based upon severity of functional limitation to aid in 
the selection of shoulder symptom irritability.2  Thus, receiver operating characteristic 
curve analyses for the different patient-reported functional outcome scales and subscales 
were used to determine the cut-off values that would maximize the sensitivity and 
specificity of each scale (Figures 8-21).   
The optimal cut-off scores to discriminate high from moderate shoulder symptom 
irritability and low from moderate shoulder symptom irritability, along with their 
respective sensitivity and specificity values, are shown in Table 12.  The ROC curves 
were produced utilizing the 68 pairs of rater data from the 68 subjects with matched rater 
classifications.  Cut-off scores are summarized in Table 12.  These cut-offs were 
compared with rater classification of shoulder symptom irritability to determine the 
percent agreement as a measure of the reliability of the cut-off scores to complement the 
sensitivity and specificity derived from the ROC curve analysis (Figures 22-24).  The cut-
off scores with the best agreement, as shown in Table 13, were the PSS Function 
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Subscale (79%), PSS Total Score (78%), ASES Total Score (78%), and PSS Pain 
Subscale (72%).   
Figure 8: Receiver operating characteristic curve for low vs. moderate/high 
shoulder symptom irritability for PSS Total Score 
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Figure 9: Receiver operating characteristic curve for high vs. moderate/low 
shoulder symptom irritability for PSS Total Score
 
Figure 10: Receiver operating characteristic curve for low vs. moderate/high 
shoulder symptom irritability for ASES Total Score 
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Figure 11: Receiver operating characteristic curve for high vs. moderate/low 
shoulder symptom irritability for ASES Total Score 
 
 
Figure 12: Receiver operating characteristic curve for low vs. moderate/high 
shoulder symptom irritability for FOTO FS 
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Figure 13: Receiver operating characteristic curve for high vs. moderate/low 
shoulder symptom irritability for FOTO FS 
 
 
Figure 14: Receiver operating characteristic curve for low vs. moderate/high 
shoulder symptom irritability for PSS Function Subscale 
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Figure 15: Receiver operating characteristic curve for high vs. moderate/low 
shoulder symptom irritability for PSS Function Subscale 
 
 
Figure 16: Receiver operating characteristic curve for low vs. moderate/high 
shoulder symptom irritability for ASES Function Subscale 
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Figure 17: Receiver operating characteristic curve for high vs. moderate/low 
shoulder symptom irritability for ASES Function Subscale 
 
Figure 18: Receiver operating characteristic curve for low vs. moderate/high 
shoulder symptom irritability for PSS Pain Subscale 
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Figure 19: Receiver operating characteristic curve for high vs. moderate/low 
shoulder symptom irritability for PSS Pain Subscale 
 
 
Figure 20: Receiver operating characteristic curve for low vs. moderate/high 
shoulder symptom irritability for ASES Pain Subscale 
 
 
  
61 
 
Figure 21: Receiver operating characteristic curve for high vs. moderate/low 
shoulder symptom irritability for ASES Pain Subscale 
 
 
Table 12: Receiver operating characteristic curve results 
Scale High Irr (≤) Sn Sp Low Irr (≥) Sn Sp 
PSS Total 47.9 .867 .906 68.6 .913 .911 
ASES 
Total 
48.3 .867 .925 65.8 .826 .867 
FOTO 47.0 .800 .923 62.0 .696 .841 
PSS 
Function 
27.9 .800 .925 43.7 .870 .867 
ASES 
Function 
22.5 .800 .849 32.5 .739 .844 
PSS Pain 15.5 .933 .849 20.5 .870 .844 
ASES Pain 27.5 .867 .774 32.5 .826 .689 
High Irr, Cut-off to differentiate high shoulder symptom irritability from moderate and 
low shoulder symptom irritability; Low Irr, Cut-off to differentiate low shoulder 
symptom irritability from moderate and high shoulder symptom irritability; PSS Pain, 
Penn Shoulder Scale Pain Subscale; PSS Function, Penn Shoulder Scale Function 
Subscale; PSS Total, Penn Shoulder Scale Total Score; ASES Pain, American Shoulder 
and Elbow Surgeons Pain Subscale; ASES Function, American Shoulder and Elbow 
Surgeons Function Subscale; ASES Total, American Shoulder and Elbow Surgeons Total 
Score; FOTO, Focus on Therapeutic Outcomes Functional Score 
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Table 13: Patient-reported outcome measure cut-off scores 
Irritability High Moderate Low Both Raters 
Agree 
All Ratings 
PSS Total 0 - 47.9 48.0 - 68.5 68.6 - 100 .78 .68 
ASES Total 0 - 48.3 48.4 - 65.7 65.8 - 100 .78 .66 
FOTO 0 - 47.0 47.1 - 61.9 62.0 - 100 .66 .61 
PSS Function 0 - 27.9 28.0 - 43.6 43.7 - 60 .79 .69 
ASES Function 0 - 22.5 22.6 - 32.4 32.5 - 50 .65 .59 
PSS Pain 0 - 15.5 15.6 - 20.4 20.5 - 30 .72 .62 
ASES Pain 0 - 27.5 27.6 - 32.4 32.5 - 50 .57 .50 
PSS Pain, Penn Shoulder Scale Pain Subscale; PSS Function, Penn Shoulder Scale 
Function Subscale; PSS Total, Penn Shoulder Scale Total Score; ASES Pain, American 
Shoulder and Elbow Surgeons Pain Subscale; ASES Function, American Shoulder and 
Elbow Surgeons Function Subscale; ASES Total, American Shoulder and Elbow 
Surgeons Total Score; FOTO, Focus on Therapeutic Outcomes Functional Score 
 
Figure 22: Distribution of PSS total score based upon rater selection 
 
PSS, Penn Shoulder Score 
Red Markers = Rater selected high shoulder symptom irritability 
Yellow Markers = Rater selected moderate shoulder symptom irritability 
Green Markers = Rater selected low shoulder symptom irritability 
Red Shaded area = Cut-off score determination of high shoulder symptom irritability 
Yellow Shaded area = Cut-off score determination of moderate shoulder symptom 
irritability 
Green Shaded area = Cut-off score determination of low shoulder symptom irritability 
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Figure 23: Distribution of ASES total score based upon rater selection 
 
ASES, American Shoulder and Elbow Surgeons Score 
Red Markers = Rater selected high shoulder symptom irritability 
Yellow Markers = Rater selected moderate shoulder symptom irritability 
Green Markers = Rater selected low shoulder symptom irritability 
Red Shaded area = Cut-off score determination of high shoulder symptom irritability 
Yellow Shaded area = Cut-off score determination of moderate shoulder symptom 
irritability 
Green Shaded area = Cut-off score determination of low shoulder symptom irritability 
Figure 24: Distribution of FOTO Functional Score based upon rater selection 
 
FOTO, Focus on Therapeutic Outcomes 
Red Markers = Rater selected high shoulder symptom irritability 
Yellow Markers = Rater selected moderate shoulder symptom irritability 
Green Markers = Rater selected low shoulder symptom irritability 
Red Shaded area = Cut-off score determination of high shoulder symptom irritability 
Yellow Shaded area = Cut-off score determination of moderate shoulder symptom 
irritability 
Green Shaded area = Cut-off score determination of low shoulder symptom irritability 
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To decrease the risk of sample bias, these derived cut-off scores were then 
compared to all rater choices (n=202, except for FOTO FS n= 200).  The agreement of 
the cut-scores ranged from 0.50 (ASES Pain) to 0.69 (PSS Function) as summarized in 
Table 13.  In this secondary analysis, the cut-off scores with the best agreement were the 
PSS Function Subscale (69%), PSS Total Score (68%), ASES Total Score (66%), and 
PSS Pain Subscale (62%). 
To determine the strength of influence different pain subscales and specific 
question items have on the determination of shoulder symptom irritability, ordinal 
regression was utilized to compare the two pain subscales from the PSS and ASES.  It 
was hypothesized that the PSS Pain Subscale, which is a composite of 3 items, would 
have a greater relationship with shoulder symptom irritability groups than the ASES Pain 
Subscale. As summarized in Table 14, the PSS Pain subscale significantly influenced the 
selection of Shoulder Symptom Irritability Classification, while the ASES Pain Subscale 
did not.   
Table 14: Parameter Estimates for Ordinal Regression of PSS Pain Subscale and 
ASES Pain Subscale 
 Estimate Standard 
Error 
Wald df Sig. 95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
PSS Pain -.531 .116 20.791 1 <.001 -.759 -.303 
ASES Pain -.017 .037 .203 1 .652 -.090 .056 
PSS Pain, Penn Shoulder Score Pain Subscale; ASES Pain, American Shoulder and 
Elbow Surgeons Score Pain Subscale 
 
Additionally, as clinicians are very busy and frequently do not feel they have time 
to ask multiple pain questions, it would be useful to understand the influence of specific 
items within the PSS Pain Subscale to more efficiently make treatment decisions.  Thus, 
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each of the 3 items within the PSS Pain Subscale was analyzed utilizing ordinal 
regression.  As summarized in Table 15, the two items of the PSS Pain Subscale items 
that involve how pain influences function, “pain with normal activities (eating, dressing, 
bathing)” and “pain with strenuous activities (reaching, lifting, pushing, pulling, 
throwing)”, were influential upon the classification of shoulder symptom irritability while 
the remaining item, “pain at rest with your arm by your side” was not found to be 
influential.  
Table 15: Parameter Estimates for Ordinal Regression of PSS Pain Subscale items 
 Estimate Standard 
Error 
Wald df Sig. 95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
Pain at Side .392 .238 2.709 1 .100 -.075 .859 
Pain ADL .844 .244 11.951 1 .001 .366 1.323 
Pain 
Strenuous 
.382 .194 3.863 1 .049 .001 .763 
Pain at Side, pain at rest with your arm by your side; Pain ADL, pain with normal 
activities (eating, dressing, bathing); Pain Strenuous, pain with strenuous activities 
(reaching, lifting, pushing, pulling, throwing) 
 
To determine the strength of influence pain subscales and functional subscales 
have in the determination of shoulder symptom irritability, ordinal regression was 
performed with shoulder symptom irritability as the dependent variable, and Penn 
Shoulder Score (PSS) Pain Subscale and Function Subscale as independent variables.  
Parameter estimates were -0.44 (95% CI -0.66, -0.22) for the pain subscale and -0.12 
(95% CI -0.21, -0.04) for the function subscale (Table 16) demonstrating superior 
influence of the pain subscale on shoulder symptom irritability when compared to the 
function subscale.  Additionally, the correlation between PSS Pain Subscale and Shoulder 
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Symptom Irritability Classification groups was stronger than between PSS Function 
Subscale and Shoulder Symptom Irritability Classification groups (Figures 25-26). 
Table 16: Parameter Estimates for Ordinal Regression of Pain and Function 
 Estimate Standard 
Error 
Wald df Sig. 95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
PSS Pain -0.439 0.114 14.732 1 <0.001 -0.663 -0.215 
PSS Function -0.123 0.045 7.584 1 0.006 -0.210 -0.035 
PSS Pain, Penn Shoulder Score Pain Subscale; PSS Function, Penn Shoulder Score 
Function Subscale 
 
 
Figure 25: Correlation between PSS Pain Subscale and Shoulder Symptom 
Irritability 
 
PSS, Penn Shoulder Score 
Red Markers = Rater selected high shoulder symptom irritability 
Yellow Markers = Rater selected moderate shoulder symptom irritability 
Green Markers = Rater selected low shoulder symptom irritability 
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Figure 26: Correlation between PSS Function Subscale and Shoulder Symptom 
Irritability 
 
PSS, Penn Shoulder Score 
Red Markers = Rater selected high shoulder symptom irritability 
Yellow Markers = Rater selected moderate shoulder symptom irritability 
Green Markers = Rater selected low shoulder symptom irritability 
 
Aim 3: Determine if the level of irritability logically guides the chosen intervention 
Raters were asked to select the shoulder symptom irritability classification that 
best described the patient and to select the treatment strategy best suited for the patient on 
that date of service.  As shoulder symptom irritability is designed to determine treatment 
strategy and intensity, rater agreement between shoulder symptom irritability and 
treatment strategy was determined utilizing PABAK-OS and percent agreement.  The 
sample size was 202 for this analysis (decision-making for each rater for each of the 101 
patients).  PABAK-OS was 0.82 (95% CI 0.75, 0.88) with 80% agreement (Table 17).  
Thus, the hypothesis that the level of shoulder symptom irritability is moderately 
correlated (Κ>0.40 and agreement>50%) with planned intervention intensity is accepted. 
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Table 17: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 35 25 1 
Moderate 0 86 6 
High 0 7 42 
PABAK-OS = 0.82 (95% CI 0.75, 0.88) 
Rater Agreement = 81% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Additionally, there were no significant differences in agreement between shoulder 
symptom irritability and treatment strategy when dichotomized between specialist and 
non-specialist groups (p=0.56).  However, there was a trend toward better agreement in 
the non-specialist group with PABAK-OS of 0.85 (95% CI 0.76, 0.95) when compared to 
the agreement of the specialist group with PABAK-OS of 0.79 (95% CI 0.69, 0.88) 
(Tables 18-19).  
Table 18: Agreement of Specialists between selected Shoulder Symptom Irritability 
and Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 17 16 1 
Moderate 0 44 3 
High 0 3 21 
PABAK-OS = 0.79 (95% CI 0.69, 0.88) 
Rater Agreement = 78% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Table 19: Agreement of Non-Specialists between selected Shoulder Symptom 
Irritability and Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 18 9 0 
Moderate 0 42 3 
High 0 4 21 
PABAK-OS = 0.85 (95% CI 0.76, 0.95) 
Rater Agreement = 84% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
As there was a trend, but no significant differences regarding the originally 
selected measure of expertise as previously noted, additional metrics were investigated to 
determine if there were any factors likely to improve or diminish the matching of 
treatment strategy to SSIC.  Other metrics of expertise that have been utilized in the 
literature are years of experience.111-113  The American Physical Therapy Association 
denotes those with 5 or fewer years of experience as “New Professionals.”114  Thus, raters 
were dichotomized into those with more than 5 years of experience and those with less 
than or equal to 5 years of experience.  As summarized in Tables 20-21, a trend was 
noticed that those with more than 5 years of experience had a greater likelihood of 
matching selected shoulder symptom irritability to treatment strategy, but no significant 
differences were found with 95% confidence. 
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Table 20: Agreement of Raters with more than 5 years of experience between 
selected Shoulder Symptom Irritability and Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 20 10 0 
Moderate 0 46 4 
High 0 4 22 
PABAK-OS = 0.85 (95% CI 0.76, 0.94) 
Rater Agreement = 83% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Table 21: Agreement of Raters with 5 or fewer years of experience between selected 
Shoulder Symptom Irritability and Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 15 15 1 
Moderate 0 40 2 
High 0 3 20 
PABAK-OS = 0.78 (95% CI 0.69, 0.88) 
Rater Agreement = 78% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
If years of experience were a likely factor to improve the ability of the provider to 
select a matched treatment strategy, it would be logical that those clinicians with greater 
than 10 years of experience would have an even better agreement than those in the group 
with only greater than 5 years of experience.  However, while the sample size is too small 
to be conclusive, this is not the case as summarized in Table 22, and when compared to 
those clinicians with 10 or fewer years of experience (Table 23), the trend was no longer 
present. 
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Table 22: Agreement of Raters with more than 10 years of experience between 
selected Shoulder Symptom Irritability and Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 13 9 0 
Moderate 0 36 3 
High 0 4 15 
PABAK-OS = 0.82 (95% CI 0.71, 0.93) 
Rater Agreement = 80% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Table 23: Agreement of Raters with 10 or fewer years of experience between 
selected Shoulder Symptom Irritability and Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 22 16 1 
Moderate 0 50 3 
High 0 3 27 
PABAK-OS = 0.82 (95% CI 0.73, 0.90) 
Rater Agreement = 81% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
While the confidence interval of matched treatments described in Table 17 was 
small, the presence of any outliers that either improved or diminished the overall group’s 
agreement in matching treatment strategy to SSIC was a concern and thus all raters’ 
reliability are summarized in Table 24 and individual contingency tables for each rater 
can be found in Appendix K.  PABAK-OS ranged from 0.10 to 1.0 across all raters.  One 
rater had PABAK-OS of 0.1 which is more than 21 times the standard error from the 
mean overall agreement.  However, even with removing this single rater, the overall 
agreement did not change even a single percentage point indicating that this single outlier 
did not have a significant impact on the overall agreement. 
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Table 24: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
Rater n PABAK-OS (95% CI) Matching 
1 6 0.70 (0.31, 1.00) 67% 
2 12 1.00 (0.73, 1.00) 100% 
3 10 0.73 (0.43, 1.00) 80% 
4 6 0.55 (0.16, 0.94) 50% 
5 14 1.00 (0.75, 1.00) 100% 
6 2 0.55 (0, 1.00) 50% 
7 7 0.74 (0.39, 1.00) 71% 
8 7 0.87 (0.51, 1.00) 86% 
9 3 1.00 (0.45, 1.00) 100% 
10 4 1.00 (0.53, 1.00) 100% 
11 26 0.86 (0.68, 1.00) 85% 
12 14 0.68 (0.53, 0.93) 79% 
13 2 0.10 (0, 0.77) 0% 
14 24 0.78 (0.58, 0.97) 75% 
15 4 1.00 (0.53, 1.00) 100% 
16 4 0.55 (0.08, 1.00) 50% 
17 12 0.62 (0.35, 0.90) 58% 
18 3 1.00 (0.45, 1.00) 100% 
19 6 0.85 (0.46, 1.00) 83% 
20 6 1.00 (0.61, 1.00) 100% 
21 10 0.91 (0.61, 1.00) 90% 
22 4 0.55 (0.08, 1.0) 50% 
23 8 1.00 (0.67, 1.00) 100% 
24 8 0.90 (0.58, 1.00) 89% 
 
 
Furthermore, four other raters had PABAK-OS values of 0.55, which is more than 
7 times the standard error from the mean overall agreement.  However, after removing all 
five of these outliers (rater 4, 6, 13, 16, and 22), there was still not a significant shift in 
PABAK-OS (0.84; 95% CI 0.77, 0.92) to explain any differences in reliability due to a 
single outlier rater (Table 25).  Also, to avoid a single clinic with good reliability and one 
of the largest contributors to the dataset from influencing the overall agreement of 
matching treatment strategy to SSIC, the raters in site 6 were removed from the dataset 
and it was re-analyzed for agreement.  As summarized in Table 26, there was only a 
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small, statistically insignificant shift in agreement to PABAK-OS = 0.81 (95% CI 0.73, 
0.89).  Thus, can be concluded that it is unlikely that any outliers in this study contributed 
significantly to improving or diminishing the overall group’s agreement in matching 
treatment strategy to SSIC. 
Table 25: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy – Outliers removed 
 Intensity 
High Moderate Low 
SSIC Low 33 19 1 
Moderate 0 82 5 
High 0 4 40 
PABAK-OS = 0.84 (95% CI 0.77, 0.92) 
Rater Agreement = 84% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Table 26: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy – Largest site removed 
 Intensity 
High Moderate Low 
SSIC Low 21 17 1 
Moderate 0 62 6 
High 0 5 34 
PABAK-OS = 0.81 (95% CI 0.73, 0.89) 
Rater Agreement = 80% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Summary of Results 
Twenty-four clinicians rated a total of 101 patients who were included in the 
study.  Inter-rater reliability of the Shoulder Symptom Irritability Classification system 
was 0.69 with no improvements in rating noted in sites submitting 10 or more patients.  
Significant differences were found between shoulder symptom irritability groups 
regarding functional limitation (p<0.001).  The PSS Pain Subscale had a stronger 
influence over the classification of shoulder symptom irritability than the PSS Function 
Subscale.  Raters selected “matched” treatment strategies 80% of the time, with no 
significant difference between raters who are specialists and those who are non-
specialists.    
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CHAPTER 5: DISCUSSION 
Introduction 
In this chapter, we will be discussing the results of the study and the implications 
of those results.  First, the results suggest that the Shoulder Symptom Irritability 
Classification (SSIC) system is a reliable classification method.  However, while the 
SSIC system does demonstrate good reliability, numerous questions arose regarding rater 
expertise, rater blinding and the findings of poorer reliability than was found during pilot 
testing.   
Secondly, this study also determined that there is a significant difference in 
functional limitation between SSIC groups and is the first study, to our knowledge, to 
determine cut-off scores in patient-reported functional limitation outcome questionnaires 
to aid in the determination of shoulder symptom irritability.  The results further 
demonstrate that even though function is strongly correlated with SSIC, pain is a stronger 
determinant of SSIC.   
Lastly, the SSIC appears to greatly influence the prescription of overall treatment 
strategy.  Furthermore, the correlation between matched treatment and SSIC did not 
significantly differ between expert and non-expert provider groups, indicating that the 
SSIC system has the same degree of validity across both groups of providers.    
Discussion 
Participant Demographics 
The participants for this study represented a sample of convenience of 24 raters 
from 11 different sites.  As we initially trained 35 raters from 16 sites, a comparative 
analysis was performed to determine if demographics of the raters contributed to non-
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submission of patient data.   There was no significant difference between the 
demographics of those raters that were trained but did not participate and those that were 
trained and participated in the study.  Thus, there is low risk that those who dropped out 
would likely have demonstrated poorer, or greater, agreement in rating or treatment 
strategy.   
However, the sample of clinicians in the regional health network where the study 
was performed had a much higher frequency of having a DPT (87.5%) and being ABPTS 
certified (54.2%) when compared to the APTA’s member demographic average of 44.4% 
DPT115 and 7.9% ABPTS certification.115,116  Thus, while further work is necessary to 
determine generalizability outside of this sample, it is promising that there was no 
difference in the frequency of specialists among those sites with better or worse inter-
rater reliability, nor was there a difference in treatment strategy agreement in trained 
raters based upon specialty certification. 
The patient demographics of our sample are representative of the patient 
population with shoulder pain.  The patients in the present study had a mean age of 56.0 
± 16.0 and 65.3% of them were women, which is comparable to prevalence studies that 
have found 57% of patients with shoulder pain are women with a median age range of 
55-64 years.117 Additionally, arm laterality is similar to population-based studies with 
approximately 90% prevalence of right-hand dominant people118 which is comparable to 
88.1% found in the present study.  Lastly, the majority of our sample had symptoms for 
>3 weeks which is similar to former studies.119  
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Aim 1: Reliability of Shoulder Symptom Irritability Classification 
The inter-rater reliability of the shoulder symptom irritability classification 
system is good120 with a PABAK-OS of 0.69 (95% CI 0.59, 0.78).  The null hypothesis 
set forth in this study that PABAK-OS <0.40 cannot be supported with 95% confidence.  
However, the alternative hypothesis that PABAK-OS is >0.60 also cannot be supported 
with 95% confidence.  These results are slightly lower than those found in a pilot study 
with similar methodology to this study.75  One possible explanation for these lower 
results was that the pilot study75 improperly assigned arbitrary cutoff scores to the 
patient-reported functional limitation outcome measures.  The pilot study by Kareha et 
al,75 utilized arbitrary cutoff scores to aid in the clinical decision-making process, but as 
there was no clinical rationale or research base to the decision, it may have elevated the 
inter-rater reliability scores.   
Other well accepted and commonly utilized scales have demonstrated similar or 
worse inter-rater reliability.  The treatment-based classification algorithm for the low 
back pain has been found to have inter-rater reliability of K = 0.52 (95% CI = 0.27, 
0.77)24 in one study and only slightly better in an earlier study of K = 0.60 (95% CI 0.56, 
0.64).121   Neck pain classification has been found to have a very high inter-rater 
reliability (K = 0.95, 95% CI 0.87, 1.0), but the rating of this system was based only upon 
documented information and was not performed in real-time.66   
The McKenzie classification system has been analyzed for inter-rater reliability 
on multiple occasions.  Different studies have contested the validity of previous studies 
assessing inter-rater reliability based upon training level and varying criterion measures.  
Utilizing only the three main classifications and raters highly trained in the McKenzie 
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system, subsequent studies have found inter-rater reliability with K = 0.70 (95% CI 0.45, 
0.96),122 K = 0.64 (95% CI 0.18, 1.0),123 and K = 0.84 (95% CI 0.62, 1.0).124  However, 
the two largest reliability studies found poor inter-rater reliability (K = 0.26; 95% CI 
0.20, 0.32)125 and (K = 0.37-0.44)126 based upon varying levels of formal McKenzie 
training.   
Maitland’s musculoskeletal pain irritability system demonstrated a prevalence-
adjusted, bias-adjusted Kappa (PABAK) of 0.50 (95% CI 0.26, 0.74).16  Lastly, the 
classification of scapular dyskinesis has long been a component of physical 
examination42 but even the most reliable classification system for scapular dyskinesis was 
found to have Kw between 0.48 and 0.61.
127   
While the null hypothesis number of 0.40 was chosen specifically to determine if 
the result was not worthy of use in clinical practice,84 the test hypothesis threshold of 
0.60 was chosen simply due to the arbitrary threshold proposed by Landis and Koch.120   
However, Sim and Wright suggested that arbitrary thresholds should not be utilized as the 
Kappa statistic is a continuum that is limited by constraints of the population.84  Thus, 
while the inter-rater reliability found in this study does not support the testing hypothesis 
of this study with 95% confidence, it is similar, if not better than, many widely accepted 
classification systems and can be considered sufficient reliability for clinical use.24   
A potential consideration for reliability studies is the possibility that individual 
sites or raters may dramatically skew the final results.  When investigating the reliability 
of individual sites, three sites stood out as significant outliers as their reliability was 
greater than 3 times the standard error, indicated by Portney and Watkins128 as the 
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reference for extreme values, from the mean PABAK-OS.  The individual site inter-rater 
reliability of the three sites were PABAK-OS scores of 0.09, 0.32, and 1.0, respectively.   
As mentioned earlier, inter-rater reliability for the entire dataset was PABAK-OS 
of 0.69 (95% CI 0.59, 0.78).  However, analysis after removing the three outlier sites did 
not significantly change inter-rater reliability as PABAK-OS was 0.69 (95% CI 0.59, 
0.79).  Furthermore, with only removing the high-end outlier PABAK-OS only moved 
insignificantly to 0.67 (95% CI 0.57, 0.77), and with only removing the low-end outliers 
PABAK-OS also only moved insignificantly to 0.71 (95% CI 0.61, 0.81).   
One site did submit a very large number of subjects to the study which also may 
have skewed the results.  Site 6 (Table 7) submitted 28 subjects (27.7% of all subjects) 
over the course of the study with a PABAK-OS of 0.81 (95% CI 0.63, 0.99).  PABAK-
OS analysis excluding this data resulted in a reliability of 0.64 (95% CI 0.53, 0.75).  
Thus, it can be concluded that while there was a shift in reliability when the largest site 
was removed, it was not statistically significant as the confidence intervals overlap.  
Additionally, none of the individual sites significantly influenced the overall results of 
the study, nor when removing the sites with the 5 largest subject contributors, increasing 
the generalizability of these results.   
A consideration and possible limitation of this study design was the influence of 
repeated performance of the classification resulting in the possibility of rater unblinding.  
Raters were specifically told to avoid discussing ratings throughout the duration of the 
study to maintain blinding.  However, to assess the risk of unblinding, sites were grouped 
into those that submitted 10 or more subjects to be analyzed in the study (increased 
inherent risk of discussion and inter-rater learning) and those that submitted fewer than 
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10 subjects to be analyzed (increased inherent risk of discussion and inter-rater learning).  
No significant differences were found between the groups as 95% confidence intervals of 
both groups overlapped.  Thus, there is no significant improvement or degradation of 
reliability between groups that have had increased experience rating subjects when 
compared to those groups that have had less experience, but the same degree of training, 
indicating there is a low risk that unblinding occurred.   
Although repetitive of use of this skill is able to possibly reduce the performance 
of a measure, perhaps the opposite can also be true.  As with any cognitive skill, disuse 
has been shown to decrease the performance of that skill.129  However, no conclusions 
can be convincingly drawn regarding the impact of the delayed use of the rating system 
after training based upon this data as confidence intervals overlap.  However, given the 
trend toward worse reliability with longer delays in completing the first rating, it may 
behoove researchers and site managers to review these procedures with raters every few 
months to minimize loss of skill.   
Clinical expertise was also considered as a possible confounding variable.  To 
make a valid comparison with the two outlier sites with the worst inter-rater reliability, 
the two sites with the best inter-rater reliability were chosen as comparisons.  This 
possible confounding variable did not appear to create any significant variation in 
reliability, as the two sites with the best and worst reliability had nearly the same 
percentage of expert clinicians as assessed by specialty certification (80% in the sites 
with the best reliability compared to 75% in the sites with the worst reliability).  
Furthermore, a Mann-Whitney U test was performed to statistically compare the sites 
with best and worst reliability and it yielded no significant differences (p=0.62).   
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While it has been argued that specialist certification is an accurate demonstration 
of expertise,130 others have contended that the metric of specialty certification is not the 
best metric for determining expertise.131  Another method that has been utilized to 
distinguish between expert and novice clinicians has been years of experience.111-113  To 
minimize the risk of misunderstanding the level of expertise between the sites with best 
and worst reliability, a further comparison utilizing years of experience as an alternative 
metric for expertise was performed.  A Mann-Whitney-U test resulted in p=0.44.  Thus, 
the two sites with the best and worst reliability demonstrated no significant differences in 
years of experience of the raters or in specialist certification, and those cannot be 
considered viable factors in the differences between those sites with better or worse 
reliability of rating.   
Thus, as the training for this study was purposefully generalizable (online narrated 
lecture (https://youtu.be/a-QiJ5-bKKQ)107 combined with the assigned reading of a 
published, peer-reviewed paper2), this demonstrates that the reliability of this rating 
system is not contingent upon experience or expertise. 
Aim 2: Compare level of functional limitation between irritability groups 
Function related to shoulder symptom irritability 
In discussing the concept of shoulder symptom irritability with many physical 
therapists at conferences across the country, the most common misperception has been 
that the term shoulder symptom irritability is synonymous with pain level.  Shoulder 
symptom irritability is the tissue’s readiness to accept physical stress and theoretically 
relates to the tissue’s physical status and the degree of inflammatory activity present.  
While many of the proposed components of shoulder symptom irritability are varying 
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constructs of pain with and without movement, one component involves the assessment 
of functional limitation.2,14  Thus, we assessed if functional limitation is a necessary 
component of the SSIC system.   
Of the 101 subjects rated for shoulder symptom irritability in this study, raters 
matched classification level for 68 of the subjects.  As previously described, to preserve 
the validity of this analysis, only those subjects receiving the same classification by both 
raters were included.  One subject did not complete the FOTO FS and thus there are only 
67 subjects included in the analysis of FOTO FS.   
Statistically significant differences were found for all three patient-reported 
functional outcome measures (PSS, ASES, and FOTO FS).  Furthermore, Bonferroni post 
hoc testing demonstrated significant differences between all shoulder symptom irritability 
groups for the PSS (p<0.001), ASES (p<0.007), and FOTO FS (p<0.003).  These results 
demonstrate that level of functional limitation is lower in patients with low shoulder 
symptom irritability, moderate in subjects with moderate shoulder symptom irritability, 
and higher in subjects with high shoulder symptom irritability and may help inform the 
classification of shoulder symptom irritability.   
Therefore, since the level of functional limitation differentiate well (ES = 3.20-
6.80) between shoulder symptom irritability classification levels, further testing is 
warranted to determine the level of influence it has on predicting shoulder symptom 
irritability. Additionally, due to the strong ability of functional limitation to differentiate 
between shoulder symptom irritability classification levels, further exploratory analyses 
to determine cut-off scores for the three patient-reported functional outcome measures 
were performed.   
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Patient-reported functional outcome measure cut-off scores 
Receiver operating characteristic (ROC) curves were analyzed for each of the 
three patient-reported functional outcome measures to determine preliminary cut-off 
scores.  As mentioned earlier in comparison to a pilot study by Kareha and colleagues, 
one possible reason for the lower reliability in this study when compared to pilot data was 
the vague description of low, moderate or high functional limitation scores in this study 
compared to the specific cut-offs provided during the pilot study.  While this was 
convenient for the pilot study, there is no data to drive these cut-off scores and thus they 
were removed in the development of this study to more accurately represent the state of 
the evidence.2  Thus, the development of cut-off scores for the three patient-reported 
functional limitation outcome scores may aid clinicians in accurate classification of 
shoulder pain irritability.   
The cut-off scores derived in this study demonstrate moderate to excellent 
likelihood ratios (3.84-11.56) for determining high shoulder symptom irritability and 
small to excellent likelihood ratios (2.66-10.26) for determining low shoulder symptom 
irritability.128  Even in the larger group which included all 202 ratings, including 66 SSIC 
ratings that did not match, the agreement between these cut-off scores and the SSIC level 
was still good (Table 13).  In this secondary analysis, the cut-off scores with the best 
agreement were the PSS Function Subscale (69%), PSS Total Score (68%), ASES Total 
Score (66%), and PSS Pain Subscale (62%). 
These results demonstrate that the best patient-reported outcome measure to help 
determine shoulder symptom irritability is the PSS as it has the greatest overall 
agreement with rater SSIC selection.  Additionally, the PSS subscales of pain and 
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function have a greater correlation with rater SSIC selection than the ASES pain and 
function subscales and FOTO functional score.  This is interesting in light of a recent 
decision of the American Academy of Orthopaedic Surgeons to recommend the use of 
the ASES or Oxford Shoulder Score as core patient-reported outcome measures in all 
future research.137  A possible explanation for this seeming inconsistency is that the 
ASES is better for surgical decision-making while the PSS is better for non-surgical 
decision making, but this hypothesis would require additional research.  Also, while the 
development of these cut-off scores for the patient-reported outcome measures is 
promising, further work is needed to validate these results in other samples prior to 
clinical use.128   
Additionally, these results are interesting because lower functional ability appears 
to be very indicative of high shoulder symptom irritability, whereas higher functional 
ability is not as strongly indicative of low shoulder symptom irritability.  While no 
research exists that can currently explain these results, it is logical that those patients with 
high shoulder symptom irritability would have very low functional ability, while the 
difference between moderate and low irritability may be more dependent upon personal 
functional needs and desires.   
For example, if a patient presented with high levels of pain and difficulty reaching 
to shoulder level, most patients of all ages and ability levels would likely consider that 
level of functional limitation to be high.  However, if a patient presented with difficulty 
with lifting 10 pounds overhead, a 25-year-old construction worker might consider that 
moderate functional limitation, but a 95-year-old sedentary person might consider that a 
very minimal functional limitation.  Thus, while the differentiation of function at the 
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higher end is likely consistent with the construct of activity limitation as a component of 
the International Classification of Functioning, Disability, and Health (ICF) model, the 
differentiation of functional limitation levels at the lower end may be more closely 
related to the construct of participation in the ICF model.138   
Future research should test this new hypothesis that patients with high shoulder 
symptom irritability would have very low functional ability, whereas the difference 
between moderate and low irritability may be more dependent upon personal functional 
needs and desires.   If the hypothesis is supported, then it is likely that functional 
limitation is most helpful in dichotomizing high shoulder symptom irritability from all 
other levels of shoulder symptom irritability.  Whereas, understanding the patient’s 
perspective regarding participation desires, environmental factors, and personal factors 
may be a beneficial addition to more effectively determine those patients who would 
benefit from interventions with moderate to high tissue stress.  Thus, the addition of a 
simple component to measure participation restriction, environmental factors, or personal 
factors may be necessary to further improve the usefulness of the Shoulder Symptom 
Irritability Classification system and thus aid in the appropriate dosage of non-surgical 
intervention.   
Pain related to shoulder symptom irritability 
The SSIC has an overwhelming predominance of pain-related components as it is 
essentially investigating the construct of how pain interacts with function.  Thus, 
additional analyses were performed beyond the aims of the study to obtain a better 
understanding of the data.   
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Other studies have demonstrated that to establish an accurate pain rating, one 
must ask the patient multiple questions rather than just a single question regarding 
pain.139  Thus, it was expected that the PSS Pain Subscale, which is a composite of 3 
items, would have a greater relationship with SSIC groups than the ASES Pain Subscale.  
Ordinal regression was utilized to compare the differences in influence the two subscales 
have upon the classification of shoulder symptom irritability.  In this analysis, the PSS 
Pain Subscale did significantly influence the classification of shoulder symptom 
irritability, but the ASES Pain Subscale did not.  These results may indicate the PSS Pain 
Subscale is a better scale than the ASES Pain Subscale for informing appropriate 
rehabilitation diagnosis.   
Additionally, since clinicians are very busy and frequently do not feel they have 
time to ask multiple pain questions, it would be useful to understand the influence of 
specific items within the PSS Pain Subscale to more efficiently make treatment decisions.  
Since 2 of the PSS Pain Subscale items involve how pain influences function, “pain with 
normal activities (eating, dressing, bathing)” and “pain with strenuous activities 
(reaching, lifting, pushing, pulling, throwing)”, we anticipated that they would be much 
more influential upon the classification of shoulder symptom irritability than the 
remaining item, “pain at rest with your arm by your side.”  This hypothesis was 
supported as both the activity-based pain items significantly influenced the classification 
of shoulder symptom irritability, while the resting pain item did not significantly 
influence classification.  These results aid in developing a better understanding of the 
construct validity of the SSIC system involving how pain influences function.   
  
87 
 
Pain and function on shoulder symptom irritability  
The parameter estimates (-0.12 for the PSS function subscale and -0.44 for the 
PSS pain subscale) were small, demonstrating that to make a change in irritability level, 
one must have a multiple point change in pain or functional limitation scores.  This 
makes sense logically as scores from both the pain subscale and function subscale of the 
PSS result in a much wider range than the 3-point ordinal scale of shoulder symptom 
irritability.   
The parameter estimates of both the pain and function subscales of the PSS 
demonstrated a significant impact on shoulder symptom irritability (PSS Pain subscale 
p<0.001, PSS Function subscale p=0.006).  However, the pain subscale demonstrated 
significantly more impact on shoulder symptom irritability as the 95% confidence 
intervals do not overlap and the Wald statistic is much greater for the PSS Pain subscale 
than it is for the PSS Function subscale.   
Furthermore, this statistical finding was reinforced visually by scatter plots of the 
individual subscales and shoulder symptom irritability level (Figures 25-26).  These 
figures show a much tighter cluster of PSS Pain scores within shoulder symptom 
irritability levels (Figure 25) than with the PSS Function scores (Figure 26).  This 
observation demonstrates that PSS Pain scores more closely follow SSIC selection than 
PSS Function scores. 
Aim 3: Determine if the level of irritability logically guides the chosen intervention 
The point of classifying shoulder symptom irritability is to improve clinical 
decision-making for the selection and intensity of intervention.  Studies have 
demonstrated that appropriately matching treatment strategy to diagnostic classification 
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results in improved outcomes in patients with neck pain and low back pain.29,30,66  To 
begin to establish a better understanding of whether SSIC dictates treatment strategy, the 
correlation between rater selection of SSIC group and rater selection of treatment strategy 
was analyzed.   
To minimize threats to internal validity from educational factors (such as biasing) 
and social factors (such as imitation), the rater training specifically did not emphasize 
what treatment strategy or intensity should be prescribed beyond the theoretical 
framework of why this study is important.  Rather, the emphasis was placed on the 
classification process, in order to accurately determine the ability of raters to be trained to 
reliably classify shoulder symptom irritability.  Therefore, while we cannot completely 
eliminate the chance that clinical decisions were dictated by previously published reports, 
our rater training methods reduce that risk to the greatest degree possible while still 
establishing an adequate and generalizable training method for appropriate levels of 
reliability.     
Each of the 101 subjects was rated by two separate raters, resulting in 202 clinical 
decisions regarding overall treatment strategy.  Despite some dissent to the idea that those 
providers with less experience and expertise would rate subjects with lower reliability,140 
there has been evidence demonstrating differences in reliability among raters with 
varying levels of experience and expertise.123,124,126  Therefore, due to the high variability 
of experience and expertise of raters in our sample, expected levels of correlation were 
moderate.126    
However, based on our results, rater agreement was excellent with PABAK-OS = 
0.82 and 80% agreement despite these concerns.  While these results do not establish 
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final construct validity, they do provide evidence that the classification of shoulder 
symptom irritability may impact the choice of treatment strategy prescribed to the patient.  
Therefore, further research is indicated to determine if following treatment strategies 
matched to SSIC results in improved patient-centered outcomes. 
Further analysis was performed to determine if there was a difference in 
agreement between specialist providers and non-specialist providers.  While there were 
no statistical differences between specialists and non-specialists, a trend was observed in 
which matched intervention was more likely to be selected by non-specialists than 
specialists.  This was intriguing, as the expectation was that specialist providers would be 
more likely to select a matched treatment strategy.  As this trend was not statistically 
significant it is most likely that the trend was errant.   
Given that there was a trend, but no significant differences regarding the a priori 
selected measure of expertise (specialist certification) additional metrics were 
investigated to determine if there were any factors likely to improve or diminish the 
matching of treatment strategy to SSIC.  Other metrics of expertise that have been 
utilized in the literature have been years of experience,111-113 but there is no specified 
number of years that signify expertise.  Thus, the data were analyzed by separating the 
raters into those practicing 0 to 5 years and greater than 5 years consistent with the “New 
Professionals” designation by the APTA.114  A non-statistically significant trend was 
found that seemed to indicate those practicing for more than 5 years may be better at 
choosing a treatment strategy that matches the SSIC.   
In an effort to follow this theory, the same analysis was performed after 
dichotomizing the raters into those practicing 0 to 10 years and greater than 10 years as it 
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would be expected that those practicing longer than 10 years would be as good if not 
better than those practicing for fewer years.  It is noteworthy that while there was not a 
large enough sample for appropriate power to perform a non-inferiority study, we were 
only looking for trends and thus the power limitation was acceptable.  However, the trend 
did not continue, and in fact, the trend did not replicate itself at all in the 10-year group.   
It is also logical to consider that possibly a few raters inappropriately skewed the 
matching of treatment strategy toward the positive or toward the negative.  The plot of 
agreement of the raters between the selected SSIC and the treatment strategy 
demonstrated a negative skew (Figure 27), but even with the exclusion of the outliers and 
also those with the highest data contribution, no significant changes in agreement were 
realized.  These results reinforce the construct validity of the SSIC that it does, in fact, 
influence the selection of treatment strategy.  However, the true test of construct validity 
is not simply that the SSIC influences the selection of treatment strategy, but that the 
treatment strategy selected via the SSIC enhances patient-centered outcomes.2   
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Figure 27: Rater Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
 
 
Post-hoc power analysis for the analyses in the third aim of this study 
demonstrated power (1-β) of only 19%.  Therefore, if the trends found above were not 
errant, demonstrating type II error, the noted trend could be a result of the specialists 
incorporating another construct that is not currently included in the SSIC system.  Recent 
studies have found that exposure to psychosocial factors at work increases the odds of 
reduced functional level due to neck and shoulder symptoms.141,142  Additionally, 
psychosocial factors have demonstrated predictive validity for persistent shoulder pain 
after breast cancer surgery143 and overall functional outcome following an episode of care 
involving physical therapist services.144  Furthermore, the addition of psychosocial 
factors would be consistent with the ICF constructs of participation restriction, 
environmental factors, and personal factors that may have influenced the decreased 
ability of functional limitation (activity limitation in ICF language) to differentiate 
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between low and moderate SSIC groups, when compared to the ability of functional 
limitation to differentiate high and moderate SSIC groups. 
While no studies to date, to the author’s knowledge, have investigated if altering 
treatment based on psychosocial factors for shoulder pain improves patient-centered 
outcomes, this concept has been explored in spinal pain.  Researchers have found that the 
expectation of successful outcome is the greatest predictor of success for cervical 
manipulation for patients with neck pain.145  Additionally, high fear-avoidance has been 
found to decrease the likelihood of successful outcome following lumbar manipulation 
for patients with low back pain.146  Experts have also suggested that patient expectation 
of successful outcome is likely to have a strong role in the outcome of care for 
musculoskeletal pain.147  Since no research has specifically investigated the effects on 
modulating intervention strategy based upon psychosocial factors in patients with 
shoulder pain, future work should consider psychosocial factors either as an additional 
variable to supplement the SSIC or as an added factor to the five current components of 
the SSIC system.    
Implications 
This study was designed to provide a better understanding of the reliability and 
validity of the Shoulder Symptom Irritability Classification System (SSIC), a previously 
untested component of the Staged Approach to Rehabilitation Classification: Shoulder 
Disorders (STAR-Shoulder) diagnostic classification system.  The results of this study 
demonstrate the Shoulder Symptom Irritability Classification System has satisfactory 
inter-rater reliability for use in clinical practice that is comparable to other widely 
accepted and utilized classification systems.16,24,42,66,121-126   Furthermore, it does not 
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appear that experience with utilizing the SSIC nor expertise in practice affects the 
reliability of the classification system; therefore, it can be taught to entry-level clinicians 
to improve communication without concern that they will be less reliable in classification 
than their experienced peers.  The training for this classification system involves the 
reading of a freely accessible, peer-reviewed paper 
(https://academic.oup.com/ptj/article/95/5/791/2686487)2 and a freely accessible online 
tutorial (https://youtu.be/a-QiJ5-bKKQ)107 making this system highly generalizable to 
physical therapists.  Therefore, the results of this study should serve as a foundation for 
future work for refinement as a component of the STAR-Shoulder diagnostic 
classification system.  
These data also provide evidence of the importance of functional limitation status 
in the SSIC system, especially when differentiating between high shoulder symptom 
irritability and moderate shoulder symptom irritability.  Furthermore, it provides evidence 
that the Penn Shoulder Scale may be more influential, with regard to pain and function 
subscales, than other patient-reported outcome measures in influencing the classification 
of shoulder symptom irritability.  Additionally, these results aid in developing a better 
understanding of the construct validity of the SSIC system involving how pain influences 
function.   
This study also provides evidence of the impact function and pain constructs both 
have upon the resulting Shoulder Symptom Irritability Classification.  One of the greatest 
limitations in previous studies,75 clinical guidelines,27 and commentaries2,14 was there 
were no cut-off scores for the patient-reported functional outcome measures and 
whatever cut-offs were utilized, were arbitrary.  This study provided the first derivation 
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of cut-off scores to help inform judgment about irritability.  As these cut-off scores have 
not yet been validated in other samples, further work is needed prior to being utilized in 
clinical practice.  Additionally, these results question whether there may be an additional 
component to shoulder symptom irritability related to participation restriction, 
environmental factors, or personal factors to improve the reliability and validity of the 
SSIC system, and ultimately the STAR-Shoulder diagnostic system to adequately inform 
practice patterns.   
Lastly, this study begins to build the necessary framework of correlation between 
diagnostic classification and treatment decision-making.  Due to the excellent correlation 
between shoulder symptom irritability classification and intended treatment strategy, the 
initial analysis of construct validity is promising.  However, before this classification 
system is fully utilized in clinical practice, further research is necessary to determine if 
the treatment strategy selected via the SSIC enhances patient-centered outcomes.    
It is anticipated that the SSIC system will be integrated with health condition 
(pathoanatomy) and body functions and structure (impairments) as recommended in the 
STAR-Shoulder diagnostic classification system to appropriately prescribe rehabilitation 
intervention and reduce unwarranted variation in clinical practice.2  Ultimately, the 
reduction in unwarranted variation is expected to result in reduced costs for the health 
care system and improved functional outcomes for patients. 
Recommendations 
While this study has demonstrated good inter-rater reliability of the shoulder 
symptom irritability classification system, future studies should aim to validate the inter-
rater reliability of this study utilizing sites and raters from multiple regions of the country 
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and obtaining a sample of raters that are more representative of the nation’s proportion of 
doctorally-trained and board-certified physical therapists.  Additionally, it would be 
prudent to attempt to analyze rater pairs of expert clinicians only and novice clinicians 
only to determine if there are any differences in inter-rater reliability within groups.  
However, given the inter-rater reliability of the SSIC compared to other widely accepted 
and utilized classification systems, it is satisfactory for reliable use in clinical 
practice.16,24,42,66,121-126 
To improve the blinding of the inter-rater reliability component but not 
compromise the live patient examination model, future studies could include single day, 
serial patient examinations of persons with shoulder pain outside of normal clinical 
practice.  Study personnel would need to be present for the entire time to restrict 
communication between raters.  This manner would be expensive but would assure 
blinding is maintained.   
The general purpose of the SSIC is to improve patient care and greater emotional 
intelligence has been correlated with improved clinical outcomes.132  Therefore, it is 
recommended that future studies include measures of emotional intelligence of the raters 
to aid in the analysis of what factors improve the reliability of SSIC selection and 
subsequent selection of treatment strategy.  Furthermore, based upon the diminished 
ability of functional limitation to influence the differentiation between low and moderate 
SSIC groups, patient-centered measures of participation restriction, environmental 
factors, and personal factors should be included to determine if there are any additional 
factors that may influence the selection of SSIC and the subsequent selection of treatment 
strategy.   
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Additional research will be necessary to determine the validity of the cut-off 
scores that were derived in this study.  Likely this could be a secondary aim of a 
subsequent study if it is powered well enough; and due to the high effect size 
differentiating between SSIC levels, this recommendation is a realistic expectation of 
future studies.  Also, once these cut-offs have been validated, it will be important to 
decipher if there continues to be one specific patient-reported outcome measure that is 
more helpful in determining non-surgical intervention strategy.  If one can be found, our 
recommendation is that the most helpful patient-reported outcome measure for non-
surgical care be utilized nationwide in future research and clinical practice involving 
shoulder pain, in order to improve patient care and facilitate better communication and 
comparison across samples.   
Further analysis is needed to determine if treatment matched to the patient’s 
shoulder symptom irritability results in improved functional outcome and/or fewer visits 
to reach the patient’s therapeutic goals.  Likely, this would be best evaluated in a 
pragmatic trial in which shoulder symptom irritability is classified and then specific 
interventions performed were classified into low intensity, moderate intensity or high 
intensity at each visit.  Raters would be evaluated for emotional intelligence and in 
addition to the measures utilized in this study, additional measures for participation 
restriction, environmental factors, and personal factors would need to be collected to 
determine if the inclusion of one or more of these factors can aid in improving inter-rater 
reliability and effectiveness of care.  Each selected intervention would be classified a 
priori into low intensity, moderate intensity, and high-intensity interventions.  This study 
would likely be costly due to the increased burden on the rater and increased risk of 
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attrition of subjects.  The projected sample size of this type of study would likely need to 
be two to three times the size of the present study, based upon our regional hospital 
network’s unpublished completion rate.148   
After the episode of care was completed, patients would be grouped into those 
who received matched treatment strategies and non-matched treatment strategies, based 
upon a majority threshold of treatments that matched intensity of intervention to SSIC.  
Functional, satisfaction, and pain outcomes would be compared between groups.  Data 
would be analyzed via independent t-test to determine statistical differences between 
groups.   
Limitations and Delimitations 
Limitations 
A limitation of this study is the use of physical therapists and consecutive patients 
from a single regional hospital network.  However, the regional hospital network 
encompasses over 40 locations with over 90 physical therapists, 28 of which were clinical 
specialists. In this manner, we attempted to obtain a wide sample from across the regional 
hospital network.  And while not feasible for the present study due to funding, future 
studies could be improved by utilizing multiple sites from multiple regions across the 
country.  It would also be prudent to analyze rater pairs of expert clinicians only and 
novice clinicians only, as the lack of ability to do so in the present study was another 
limitation. 
Another limitation of this study was the significant difference in the proportion of 
doctorally-trained physical therapists and board-certified specialists in our regional 
hospital network when compared to the much smaller number in both categories 
  
98 
 
nationally.  And, while the results of this study do not appear to support any differences 
based upon these criteria, there may be differences discovered in samples with more 
representative populations of the educational level of the nation’s physical therapists. 
While we tried to control for blinding and social bias with specific instruction, 
there was, of course, no possible way given the level of funding and the present 
methodology, to guarantee blinding throughout the study.  However, the analyses do 
appear to refute the idea that repeated rating developed any improvement in inter-rater 
reliability, thus diminishing the likelihood that blinding had failed.   
Another limitation to consider is that we do not know the effect of the rater 
training.  It is possible that the SSIC is reliable without training.  It is also possible that 
the training provided, while generalizable would be better served in a live, synchronous 
classroom setting.   
Although the FOTO functional status instrument requires permission to access 
and use, FOTO, Inc. offers access to their data at no cost to researchers.  Additionally, it 
is easy to administer, score, and has a low patient burden.149  However, the FOTO 
functional status instrument is a proprietary measure, and while it is utilized nationally 
and internationally, it is not likely that it will be universally used due to its proprietary 
nature.  Thus, despite the concern of increased patient burden, two widely utilized, free, 
patient-reported outcome measures were utilized (the PSS and ASES) to improve 
generalizability. 
Delimitations 
A delimitation of this study would be the presumption that the criteria for expert 
clinicians are met by the requirements for attaining certification by the American Board 
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of Physical Therapy Specialties.  While this has been argued in previous studies,130,131 it 
appears to be the best proxy for expertise besides a patient-outcome based model131,150 
which was unrealistic for a study of this scope and without significantly greater funding. 
Due to the inter-rater reliability nature of this study, the need to have more than 
one clinician trained and available to rate the subjects at all times likely lead to some 
potential subjects not being asked to participate.  It could have been possible to perform 
this study via video analysis, but as the lack of live evaluation was a limitation of former 
studies,66 it was decided that the benefits of live evaluation outweighed the limitations of 
having more than one clinician trained and available to rate the subjects at all times at 
each site. 
Additionally, the data in Aim 2 was limited to only those subjects who had 
complete agreement between raters.  This reduced the power of this part of the study, but 
the risk to internal validity by utilizing the subjects without complete agreement was a 
greater threat to the study than the limitation of power to aim 2.  Even then, the post-hoc 
power (1-β) analysis of ≥ 87% for all scales except for the ASES Pain subscale, for which 
power (1-β) was 78%, was excellent and thus demonstrates that the study was powered 
appropriately for all three aims.   
Finally, the data obtained regarding intended treatment strategy is simply that, 
intended.  While longitudinal outcomes data would be ideal, the aim of utilizing intended 
treatment strategy was to determine if further investigation utilizing longitudinal 
outcomes data is necessary, given the time and financial implications of such a study.   
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Summary 
Background 
Diagnosis has been integral in western medicine and is aimed at guiding the 
treatment approach, determining a prognosis, and succinctly communicating the signs 
and symptoms of the patient to other providers to aid in the patient’s recovery.47  For a 
diagnosis to be meaningful, it is implicit that a diagnosis should direct the most 
appropriate intervention for that condition, determine a prognosis, and that diagnoses 
should be mutually exclusive from one another.  
Clinicians regularly make decisions regarding intervention intensity based upon 
diagnosis, but evidence has demonstrated that expert clinicians to do not utilize 
pathoanatomical diagnosis to make these decisions.6  This may be due to a lack of 
correlation of pathology to activity limitations, participation restrictions, and symptoms.  
Therefore, a need exists to develop an adequate diagnostic system beyond the single 
classification construct of the anatomic structure implicated, in order to more accurately 
guide treatment decision making and inform prognosis.2   
Treatment-based diagnostic processes have been proposed for the non-operative 
management of low back pain, neck pain and due to the heterogeneity of patient 
presentation and resultant poor outcomes of interventional studies within those diagnostic 
categories.8,62,63,65  While this is also true regarding shoulder disorders, the literature on 
the prognosis of shoulder disorders does demonstrate a correlation between 
pathoanatomic diagnostic classification and prognosis.27,59,67-70  Thus, an optimal 
classification system to improve treatment decision-making for patients with shoulder 
disorders would encompass pathoanatomy, shoulder symptom irritability, and physical 
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impairments giving birth to the Staged Approach for Rehabilitation Classification: 
Shoulder Disorders (STAR-Shoulder) diagnostic system.2   
Symptom irritability has been utilized extensively by clinicians and researchers 
for many years.9,15,16,61,63,72,73  It is important to note that symptom irritability is not 
synonymous with the acuity of symptoms or simply pain level.8  Multiple experts in 
physical therapy have proposed criteria for symptom irritability from which to base 
clinical decisions for intensity.7-9,13,14  However, the reliability of these classifications 
have been tested and found to be poor to moderate, and none have been specific to the 
shoulder.13,16  Kelley and McClure14,27 proposed a method of classifying symptom 
irritability specifically for the shoulder, but to our knowledge, no studies have determined 
the reliability and validity of Shoulder Symptom Irritability Classification (SSIC).   
Purpose 
The objective of this dissertation is to begin to establish the reliability and 
construct validity of shoulder symptom irritability as one part of the STAR-Shoulder 
classification system to guide refinements.   
Design 
This study employed a prospective quasi-experimental observational design 
utilizing single-blinded repeated measures (specific aim 1), followed by cross-sectional 
analysis (specific aims 2 and 3).  (Figure 1)  
Methods 
Ethics approval was obtained from the Institutional Review Boards of St. Luke’s 
University Health Network (2016-61) and Nova Southeastern University (2016-379). 
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Raters were recruited via email and personal request, consented in person and 
demographic data on the raters was collected.  The raters were then trained utilizing a 
freely accessible, peer-reviewed paper2 and a freely accessible online tutorial.107  Patient 
subjects were recruited from a convenience sample of consecutive patients presenting for 
physical therapy consultation for shoulder pain, not extending to the neck.  Raters 
recorded the shoulder symptom irritability level and selected the appropriate treatment 
strategy (intensity) for each of the subjects. 
Data Analysis 
Descriptive statistics were used to characterize both raters and patients.  
Prevalence-adjusted, bias-adjusted Kappa for ordinal scales (PABAK-OS) and observed 
agreement were the primary measures of inter-rater reliability and reliability of matched 
treatment strategy selection.  For evaluation of statistical significance, a two-tailed 
confidence interval was utilized with α set to 0.05, and the null hypothesis was that the 
PABAK-OS is <0.40.84  Analysis of variance with post-hoc analysis was used to compare 
functional disability across different levels of irritability.  Receiver operating 
characteristic curve analyses for the different patient-reported functional outcome scales 
and subscales were used to determine the cut-off values that would maximize the 
sensitivity and specificity of each scale.  Lastly, ordinal regression was utilized to 
compare the strength of patient-reported pain and disability in the determination of 
shoulder symptom irritability.   
Results 
101 consecutive subjects with primary complaints of shoulder pain were assessed 
by pairs of blinded raters (24 raters in total).  Of the 24 raters that submitted patient data 
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for this study, the mean age was 33.9 (+/-7.3) years with a mean of 8.1 (+/-6.7) years of 
experience in clinical practice (Table 3).  The mean age of the 101 consecutive patients 
included in the study analyses was 56.0 (+/-16.0) years, with females accounting for 
65.3% of the sample (Table 4). 
All 101 subjects were included in the inter-rater reliability analysis.  The inter-
rater reliability of the SSIC system was PABAK-OS = 0.69 (95% Confidence Interval 
[CI] = 0.59-0.78) and the percent agreement between raters was 68% (Table 5).  There 
was no significant improvement or degradation of reliability between groups that have 
had increased experience rating subjects (Tables 8-9) or more expertise in practice 
(Figure 6) when compared to those groups that have had less experience or less expertise. 
Analysis of variance demonstrated significant differences in functional limitation 
between irritability groups for the PSS, ASES, and FOTO FS (p<0.001) (Table 10) and 
revealed large effect sizes of patient-reported outcome scores on shoulder symptom 
irritability group ranging from 3.20-6.80 (Table 11). 
Receiver operating characteristic curve analyses for the patient-reported 
functional outcome scales and subscales were used to determine the cut-off values that 
would maximize the sensitivity and specificity of each scale (Figures 9-21).  The cut-off 
scores were then compared to all rater choices and found the scales with the best 
agreement were the PSS Function Subscale (69%) and the PSS Total Score (68%) (Table 
13). 
Ordinal regression was utilized to compare the two pain subscales from the PSS 
and ASES. As summarized in Table 14, the PSS Pain subscale significantly influenced 
the selection of SSIC, while the ASES Pain Subscale did not. Additionally, the two items 
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of the PSS Pain Subscale that involve how pain influences function also influenced the 
selection of SSIC (Table 15).   
Ordinal regression was also utilized to establish the degree of influence pain has 
upon SSIC compared to function.  Parameter estimates were -0.44 (95% CI -0.66, -0.22) 
for the pain subscale and -0.12 (95% CI -0.21, -0.04) for the function subscale (Table 16) 
demonstrating the superior influence of the pain subscale on shoulder symptom 
irritability when compared to the function subscale.   
As shoulder symptom irritability is designed to determine treatment strategy and 
intensity, rater agreement between SSIC and treatment strategy was found to be PABAK-
OS = 0.82 (95% CI 0.75, 0.88) with 80% agreement (Table 17).  Thus, the hypothesis 
that the level of shoulder symptom irritability is moderately correlated (Κ>0.40 and 
agreement>50%) with planned intervention intensity is accepted.  No significant 
differences in agreement between shoulder symptom irritability and treatment strategy 
were found when data was dichotomized between specialist and non-specialist groups 
(p=0.56).  Additionally, years of experience did not significantly alter the matching of 
treatment strategy to shoulder symptom irritability classification (Tables 20-23), nor did 
any outliers significantly influence the final results (Tables 25-26). 
Discussion 
The patients in the present study were of comparable demographics to samples 
found in epidemiological studies improving the generalizability of the results.117-119 Also, 
the factors in which raters did not resemble the national population of physical 
therapists115,116 did not seem to influence any aspects of the study.   
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Inter-rater reliability 
While the hypothesis that inter-rater reliability of the SSIC has a PABAK-OS of 
>0.60 cannot be supported with 95% confidence, other well accepted and commonly 
utilized scales have demonstrated similar or poorer inter-rater reliability.16,24,42,66,121-126  
Additionally, no individual sites or degree of experience or expertise appeared to 
significantly influence the reliability of the SSIC.  This demonstrates that the inter-rater 
reliability of the SSIC system is not contingent upon experience or expertise; and that it is 
similar, if not better than, many widely accepted classification systems16,24,42,66,121-126 and 
can be considered sufficiently reliable for clinical use.24 
However, due to the wide variability of individual site reliability and the lack of 
difference due to experience or expertise, other factors must be considered.  Since social 
awareness is one of the four components of emotional intelligence (EI),133 it is logical 
that EI may affect the reliability of the SSIC as observational analysis is a major 
component of accurately classifying shoulder symptom irritability. 
Component Analysis 
Function related to shoulder symptom irritability 
These results demonstrate that level of functional limitation is lower in patients 
with low shoulder symptom irritability, moderate in subjects with moderate shoulder 
symptom irritability, and higher in subjects with high shoulder symptom irritability and 
may help inform the classification of shoulder symptom irritability. Since the level of 
functional limitation has a strong effect (ES = 3.20-6.80) on shoulder symptom 
irritability, further testing is warranted to determine the level of influence it has in 
predicting shoulder symptom irritability. 
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Patient-reported outcome measure cut-off scores 
The cut-off scores derived via ROC curve analysis in this study demonstrate 
moderate to excellent likelihood ratios (3.84-11.56) for determining high shoulder 
symptom irritability and small to excellent likelihood ratios (2.66-10.26) for determining 
low shoulder symptom irritability.128  These results demonstrate that the best patient-
reported outcome measure to help determine shoulder symptom irritability is the PSS, 
because it has the greatest overall agreement with rater SSIC selection.  An important 
observation is that lower functional ability appears to be more indicative of high shoulder 
symptom irritability than higher functional ability does in indicating low shoulder 
symptom irritability.  It is logical that those patients with high shoulder symptom 
irritability would have very low functional ability, whereas the difference between 
moderate and low irritability may be more dependent upon personal functional needs and 
desires.  This is consistent with the participation restriction, environmental factors, and 
personal factors aspects of the International Classification of Functioning, Disability, and 
Health (ICF) model.   
Pain related to shoulder symptom irritability 
We anticipated that since two of the PSS Pain Subscale items involve how pain 
influences function, they would be much more influential upon the classification of 
shoulder symptom irritability than the remaining item of pain at rest.  This hypothesis 
was supported as both of the activity-based pain items significantly influenced the 
classification of shoulder symptom irritability, while the resting pain item did not 
significantly influence classification.  These results aid in developing a better 
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understanding of the construct validity of the SSIC system involving how pain influences 
function 
Pain and function on shoulder symptom irritability 
Due to the overwhelming predominance of pain-related components of shoulder 
symptom irritability, it was important to decipher if pain subscales demonstrated stronger 
prediction of shoulder symptom irritability levels than functional limitation subscales. 
Ordinal regression found that both pain and function significantly influence SSIC, but the 
pain subscale demonstrated significantly more impact on shoulder symptom irritability. 
Impact on treatment strategy selection 
The purpose of classifying shoulder symptom irritability is to improve clinical 
decision making for the selection and intensity of intervention. To begin to establish a 
better understanding of whether SSIC dictates treatment strategy, the relationship 
between rater selection of SSIC group and rater selection of treatment strategy was 
analyzed. 
In this study, the relationship between rater selected SSIC and treatment strategy 
was excellent.  Additionally, experience and expertise did not significantly influence the 
matching of SSIC to the selection of treatment strategy.  While these results do not 
establish final construct validity, they do provide evidence that the classification of 
shoulder symptom irritability may impact the choice of treatment strategy prescribed to 
the patient.  Therefore, further research is indicated to determine if following treatment 
strategies matched to SSIC results in improved patient-centered outcomes. 
  
108 
 
Recommendations 
The results of this study should serve as a foundation for future work for 
refinement as a component of the STAR-Shoulder diagnostic classification system.  This 
future refinement should include patient-centered measures of participation restriction, 
environmental factors, and personal factors to determine if there are any additional 
influences that may impact the selection of SSIC and the subsequent selection of 
treatment strategy.  Also, as the patient-reported outcome measure cut-off scores derived 
in this study have not yet been validated in other samples, further work is needed prior to 
being utilized in clinical practice.  Finally, before this classification system is fully 
implemented in clinical practice, further research is necessary to determine if the 
treatment strategy selected via the SSIC enhances patient-centered outcomes.  
Clinical Significance 
The shoulder symptom irritability classification scale is reliable and clinically 
useful for improvement of communication between medical providers.  It also has the 
potential to improve patient outcomes by directing the most efficient use of resources 
with the appropriate dosage.  It is anticipated that the SSIC system will be integrated with 
health condition (pathoanatomy) and body functions and structure (impairments) as 
recommended in the STAR-Shoulder diagnostic classification system to appropriately 
prescribe rehabilitation intervention and reduce unwarranted variation in clinical 
practice.2  Ultimately, the reduction in unwarranted variation is expected to result in 
reduced costs for the health care system and improved functional outcomes for patients. 
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Rater 
Recruitment
• ≥2 raters per site
Rater Training 
• Recorded PPT online
• Read STAR-Shoulder1
• CITI training
• Distribute forms
Recruit consecutive 
patients with 
shoulder pain
• Informed Consent 
(Appendix E)
• Complete intake forms 
(Appendix F)
1st Rater begins 
exam:
• Exam findings and 
Irritability rating 
recorded (Appendix F)
• stops PRIOR to ANY 
intervention that would 
change irritability
2nd Rater examines 
for irritability 
(blinded from 1st 
rater)
• Exam findings and 
Irritability rating 
recorded (Appendix F)
• Intervention strategy 
recorded (Appendix F)
1st Rater resumes 
and completes 
exam (blinded 
from 2nd rater)
• Intervention strategy 
recorded (Appendix F)
Data collection forms 
and FOTO printout are 
interofficed to me
• Data entered into REDCap
APPENDICES 
Appendix A: Recruitment & Logistics 
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Appendix B: Rater Information 
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Appendix C: Inclusion/Exclusion Criteria 
  
  
112 
 
Appendix D: FOTO FS 
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Appendix E: PSS/ASES 
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Appendix F: Examination 
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Appendix G: Shoulder Symptom Irritability Classification 
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Appendix H: Treatment Strategy 
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Appendix I: Intervention Intensity 
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Appendix J: Inter-rater Contingency Tables for Each Site 
 
Site 1: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 0 1 0 
Moderate 0 5 0 
High 1 1 2 
PABAK-OS = 0.55 (95% CI 0.25, 0.85) 
Rater Agreement = 70% 
 
Site 2: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 3 1 0 
Moderate 2 2 1 
High 0 3 2 
PABAK-OS = 0.55 (95% CI 0.29, 0.80) 
Rater Agreement = 50% 
 
Site 3: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 4 1 0 
Moderate 1 4 0 
High 0 1 1 
PABAK-OS = 0.78 (95% CI 0.50, 1.0) 
Rater Agreement = 75% 
 
Site 4: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 1 0 0 
Moderate 0 2 1 
High 0 2 2 
PABAK-OS = 0.66 (95% CI 0.33, 1.0) 
Rater Agreement = 63% 
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Site 5: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 0 1 0 
Moderate 0 0 1 
High 0 0 0 
PABAK-OS = 0.09 (95% CI 0, 0.77) 
Rater Agreement = 0% 
 
Site 6: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 9 3 0 
Moderate 1 9 1 
High 0 1 4 
PABAK-OS = 0.81 (95% CI 0.63, 0.99) 
Rater Agreement = 79% 
 
Site 7: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 1 1 0 
Moderate 0 4 0 
High 0 2 2 
PABAK-OS = 0.73 (95% CI 0.43, 1.0) 
Rater Agreement = 70% 
 
Site 8: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 3 0 0 
Moderate 0 1 0 
High 0 0 2 
PABAK-OS = 1.0 (95% CI 0.61, 1.0) 
Rater Agreement = 100% 
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Site 9: Inter-Rater Reliability of Shoulder Symptom Irritability Classification 
 Rater 2 
Low Moderate High 
Rater 1 Low 0 0 0 
Moderate 0 2 1 
High 0 0 0 
PABAK-OS = 0.70 (95% CI 0.15, 1.0) 
Rater Agreement = 67% 
 
Site 10: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 2 0 0 
Moderate 1 0 1 
High 0 0 0 
PABAK-OS = 0.55 (95% CI 0.08, 1.0) 
Rater Agreement = 50% 
 
Site 11: Inter-Rater Reliability of Shoulder Symptom Irritability Classification  
 Rater 2 
Low Moderate High 
Rater 1 Low 0 1 0 
Moderate 0 1 0 
High 0 2 0 
PABAK-OS = 0.32 (95% CI 0, 0.80) 
Rater Agreement = 25% 
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Appendix K: Contingency Tables for Shoulder Symptom Irritability and Treatment 
Strategy 
 
Rater 1: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy 
 Intensity 
High Moderate Low 
SSIC Low 0 1 0 
Moderate 0 2 1 
High 0 0 2 
PABAK-OS = 0.70 (95% CI 0.31, 1.00) 
Agreement = 67% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 9: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 4 0 0 
Moderate 0 6 0 
High 0 0 2 
PABAK-OS = 1.00 (95% CI 0.73, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 3: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 0 2 0 
Moderate 0 5 1 
High 0 0 2 
PABAK-OS = 0.73 (95% CI 0.43, 1.00) 
Agreement = 80% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Rater 4: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 1 2 0 
Moderate 0 1 0 
High 0 1 1 
PABAK-OS = 0.55 (95% CI 0.16, 0.94) 
Agreement = 50% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 5: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 4 0 0 
Moderate 0 5 0 
High 0 0 5 
PABAK-OS = 1.00 (95% CI 0.75, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 6: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 0 0 0 
Moderate 0 1 0 
High 0 1 0 
PABAK-OS = 0.55 (95% CI 0, 1.00) 
Agreement = 50% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Rater 7: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 0 1 0 
Moderate 0 2 1 
High 0 0 3 
PABAK-OS = 0.74 (95% CI 0.39, 1.00) 
Agreement = 71% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 8: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 0 1 0 
Moderate 0 5 0 
High 0 0 1 
PABAK-OS = 0.87 (95% CI 0.51, 1.00) 
Agreement = 86% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 9: Agreement between selected Shoulder Symptom Irritability and Treatment 
Strategy  
 Intensity 
High Moderate Low 
SSIC Low 0 0 0 
Moderate 0 2 0 
High 0 0 1 
PABAK-OS = 1.00 (95% CI 0.45, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Rater 10: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 2 0 0 
Moderate 0 1 0 
High 0 0 1 
PABAK-OS = 1.00 (95% CI 0.53, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 11: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 7 2 0 
Moderate 0 12 0 
High 0 2 3 
PABAK-OS = 0.86 (95% CI 0.68, 1.00) 
Agreement = 85% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 12: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 3 1 1 
Moderate 0 5 1 
High 0 0 3 
PABAK-OS = 0.68 (95% CI 0.53, 0.93) 
Agreement = 79% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Rater 13: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 0 1 0 
Moderate 0 0 1 
High 0 0 0 
PABAK-OS = 0.10 (95% CI 0, 0.77) 
Agreement = 0% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 14: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 4 6 0 
Moderate 0 9 0 
High 0 0 5 
PABAK-OS = 0.78 (95% CI 0.58, 0.97) 
Agreement = 75% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 15: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 0 0 0 
Moderate 0 4 0 
High 0 0 0 
PABAK-OS = 1.00 (95% CI 0.53, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Rater 16: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 1 2 0 
Moderate 0 1 0 
High 0 0 0 
PABAK-OS = 0.55 (95% CI 0.08, 1.00) 
Agreement = 50% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 17: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 2 4 0 
Moderate 0 5 0 
High 0 1 0 
PABAK-OS = 0.62 (95% CI 0.35, 0.90) 
Agreement = 58% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 18: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 0 0 0 
Moderate 0 3 0 
High 0 0 0 
PABAK-OS = 1.00 (95% CI 0.45, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Rater 19: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 2 1 0 
Moderate 0 1 0 
High 0 0 2 
PABAK-OS = 0.85 (95% CI 0.46, 1.00) 
Agreement = 83% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 20: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy  
 Intensity 
High Moderate Low 
SSIC Low 3 0 0 
Moderate 0 3 0 
High 0 0 0 
PABAK-OS = 1.00 (95% CI 0.61, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 21: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 0 0 0 
Moderate 0 6 0 
High 0 1 3 
PABAK-OS = 0.91 (95% CI 0.61, 1.00) 
Agreement = 90% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
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Rater 22: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 0 1 0 
Moderate 0 1 0 
High 0 1 1 
PABAK-OS = 0.55 (95% CI 0.08, 1.0) 
Agreement = 50% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 23: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 1 0 0 
Moderate 0 3 0 
High 0 0 4 
PABAK-OS = 1.00 (95% CI 0.67, 1.00) 
Agreement = 100% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy 
 
Rater 24: Agreement between selected Shoulder Symptom Irritability and 
Treatment Strategy 
 Intensity 
High Moderate Low 
SSIC Low 1 0 0 
Moderate 0 3 1 
High 0 0 3 
PABAK-OS = 0.90 (95% CI 0.58, 1.00) 
Agreement = 89% 
SSIC, Shoulder Symptom Irritability Classification; Intensity, Intensity of Treatment 
Strategy  
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